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Yaniré Estrada Del Campo: Dietary patterns associated with cardiometabolic risk for Puerto 
Ricans with and without diabetes, and the psychosocial health correlates of adherence to the 
disease-related patterns. 
(Under the direction of Alice Ammerman) 
Disparities in cardiovascular disease (CVD) risk, diabetes and poor psychosocial health 
disproportionately affect Puerto Ricans (PRs), the second largest subgroup of Hispanics/Latinos 
in the United States. Little is known about what specific food choices contribute to PRs CVD 
risk by diabetes status; and about how these associate with poor psychosocial health. The 
purpose of this dissertation was to derive dietary patterns associated with cardiometabolic risk 
factors for PRs with and without diabetes; to quantify their associations with 2-year changes in 
cardiometabolic risk; and to understand how psychosocial factors associate with these. Aim 1: 
we derived reduced rank regression dietary patterns (with waist circumference, systolic blood 
pressure, triglycerides, LDL and HDL cholesterol as response variables) for each study 
subgroup. While six food groups (pizza/Mexican foods, meat, white bread, and processed meat 
(positively) and nuts/seeds and hot cereal (negatively) were associated with cardiometabolic risk 
in both subgroups, we found other food groups to be uniquely associated with CVD risk based 
on diabetes status. Using multivariable regression, we examined how a continuous dietary 
pattern score was associated with change in cardiometabolic risk factors over 2-years. No 
associations were found for any of the study subgroups. Aim 2: a cross-sectional analysis was 
conducted using multivariable linear regression to test the association between the dietary pattern 
and 3 psychosocial health factors (stress, depression, acculturation) by study subgroup. 
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Significant differences in the distribution of population characteristics (i.e. physical activity, 
female sex, poverty, age, education, systolic blood pressure, and hypertension medication use) 
were found across quintiles of psychosocial variables for both study groups. No associations 
were found between dietary pattern and continuous psychosocial factors. However, in secondary 
analyses using dichotomous predictors, we found that high acculturation was associated with 
lower dietary pattern score (healthier score) for those without diabetes. In conclusion, our results 
show that, for PRs, dietary patterns associated with CVD risk differ by diabetes status; and that 
acculturation is associated with these dietary patterns. Targeting more specific food choices 
among those with highest CVD risk may help reduce disparities for this understudied 
Hispanic/Latino population. 
v 
In memory of my grandmother Adela Santiago Rodriguez (Jan. 21, 1927-Jan. 21, 2019). 
 
To God (for His GRACE), and to my grandmother Adela Santiago Rodriguez (Abuelita Dela) 




To my doctoral committee. I am thankful to Alice Ammerman for having received me as 
one of her students and facilitating the encounter with Dr. Katherine Tucker who provided the 
rich data for this study. Katherine has been a key contributor to this research, I am grateful for 
her insights and for being readily available for feedback. To Beth Mayer-Davis, who inspired me 
with her teaching style and research portfolio, and for taking time to help guide me academically. 
To Jamie Crandell for her guidance in statistical methods, and the time spent in discussions for 
the interpretation of this research. To Michelle Mendez and Katie Meyer, for providing 
epidemiological guidance and important revisions to my writing.  
To UNC faculty and staff who took the time to give me sound advice when I most needed 
it. A special mention to Kathy Wood, from the Institute of Minority Excellence, for believing in 
me and for encouraging me to complete this journey. To Chris Wiesen for his statistical advice, 
accessibility, and genuine disposition to mentor me as a professional student. To Jonathan 
Earnest, who truly showed interest in facilitating the last steps of my journey, was readily 
accessible and was always encouraging. To Tom Keyserling’s and Molly de Marco’s research 
teams, I appreciated their working styles and enjoyed very much working with them. I also want 
to recognize other professors or staff who at some point also provided important mentorship: 
Morris Weinberger, Josiemer Mattei (Nutrition Department at Harvard University) and Charletta 
Sims Evans. Finally, to Allison Miller for excellent mentorship and coaching throughout the last 
vii 





In this long journey, there has been one single and constant presence throughout each and 
every step. God’s patient whisper and protection guided me. He gave me the gift of His presence, 
through His Grace. I am forever grateful.  
To my sister Tamara, for her constant company, understanding and voice reminding me 
who I truly was. To my family, for their support in my endeavors abroad and for having believed 
in me, letting me know I was loved. 
To friends who are like family in North Carolina, they have truly been a blessing from 
God. I am especially thankful to Carmen Álvarez and her family (Manny González and Tata), for 
all that you taught me and for being a second home for me in NC. I am forever grateful. To José 
and Gladys Soto, Tere Romaguera & Cholo Rodriguez, Melania Bula & Freddy Casillas family, 
Milly & Jesús, Josie Arias & family, Ricardo Negrón & Rafael Ortiz, Chalba Delgado & family, 
the Hispanic community of Saint Thomas More Catholic Church (especially to María Durán, 
Plácido Jaraleño, Martha Franco, Juan Francisco Martínez), Jim Hynes, Karina Estrada & David 
Schwarz, and Mary Ellen (for receiving my mother in her choir during her cancer treatment). 
To Friends, Pamela Young, Dede Addy, Ciara O’Flannaghain, Dr. Ruben Martinez 
Duron, Natalia Lara, Maribel Canales, Vanessa Gonzalez, Yuanyuan Qin, Michele Alves, 
Florencia Pascual, Carolina Batis, Wendy Camelo, Wayne Psek, Arianna Taboada, Mauricio 
Andrada, Laura Villas, Kimon Divaris, Erik Vergel-Tovar, Daniela Sotres, Jorge Gutierrez, 
Dalia Stern Solodkin, Jorge Y. Martinez, Barbara Onobogu, Leyda Lugo, Luis G. Cortés, Joan 
ix 
Roque-Pena, Jason Sosa, Michelle Potter, Janine Rivera (for helping take care of my 
grandmother after Hurricane Maria and for becoming a friend to me as well) and to Francisco 
Javier Timothèe Vega, for all that we went through which made us wiser and stronger. 
To UNC Graduate students who shined for me, Beth Katz, Eva Erber, Jennifer Poti, 
Bonnie Qin, Linden Thayer, Tosha Smith, Erik J. Daza. 
x 
TABLE OF CONTENTS 
 
LIST OF TABLES ....................................................................................................................... xiii 
LIST OF FIGURES ...................................................................................................................... xv 
LIST OF ABBREVIATIONS ...................................................................................................... xvi 
CHAPTER 1 INTRODUCTION .................................................................................................... 1 
Overview ................................................................................................................................ 1 
Specific Aims ......................................................................................................................... 2 
CHAPTER 2 LITERATURE REVIEW ......................................................................................... 4 
Diabetes and poor diabetes control disproportionately affect Hispanic 
Americans living in the United States ................................................................................... 4 
 
Puerto Ricans experience very high diabetes rates, and the worst 
cardiometabolic risk and psychosocial health among Hispanic Americans .......................... 5 
 
The diet of Hispanic Americans living in the US in general increases their 
diabetes and CVD risk ........................................................................................................... 6 
 
What do we know about the dietary behaviors of Puerto Ricans with or 
without diabetes? ................................................................................................................... 8 
 
Dietary patterns of Puerto Ricans living in the US associate with 
indicators of cardiometabolic risk.......................................................................................... 8 
 
Evidence on dietary intake of Puerto Ricans with diabetes is inconclusive 
in relation to cardiometabolic risk ....................................................................................... 10 
 
Fruit and vegetable intake among Puerto Ricans is low and limited in 
variety .................................................................................................................................. 12 
 
Macronutrient and micronutrient intake of Puerto Ricans in general reveal 
dominant food choices characteristic of this population ..................................................... 13 
xi 
Overview of psychological and sociocultural factors as determinants of 
health .................................................................................................................................... 14 
 
Evidence of causal associations between psychosocial health factors and 
cardiometabolic risk is lacking for Hispanics ...................................................................... 15 
 
Evidence for indirect causal associations between psychosocial health 
factors and cardiometabolic risk is multifactorial................................................................ 16 
 
Summary .............................................................................................................................. 20 
REFERENCES .................................................................................................................... 21 
CHAPTER 3 DIETARY PATTERNS ASSOCIATED WITH 
CARDIOMETABOLIC RISK DIFFER BY DIABETES STATUS AMONG 
PUERTO RICANS LIVING IN BOSTON, MASSACHUSETTS .............................................. 21 
 
Introduction .......................................................................................................................... 31 
Methods ............................................................................................................................... 33 
Results .................................................................................................................................. 40 
Discussion ............................................................................................................................ 44 
REFERENCES .................................................................................................................... 63 
CHAPTER 4 PSYCHOSOCIAL FACTORS ASSOCIATED TO A CVD-RISK 
DIETARY PATTERN AMONG PUERTO RICAN ADULTS WITH AND 
WITHOUT DIABETES LIVING IN BOSTON, MASSACHUSETTS....................................... 67 
 
Introduction .......................................................................................................................... 67 
Methods ............................................................................................................................... 69 
Results .................................................................................................................................. 75 
Discussion ............................................................................................................................ 78 
REFERENCES .................................................................................................................... 93 
CHAPTER 5 SYNTHESIS ........................................................................................................... 99 
A. Summary of Findings ...................................................................................................... 99 
B. Limitations and Strengths ............................................................................................. 102 
xii 
C. Significance and Public Health Impact ......................................................................... 106 
D. Future directions ........................................................................................................... 107 
xiii 
LIST OF TABLES 
 
Table 3.1. Population characteristics of Puerto Rican adults by diabetes status ...........................49 
Table 3.2. Food groups strongly associated with the food pattern score and score 
characteristics for participants with and without diabetes. ............................................50 
Table 3.3. Population characteristics and nutrient intakes by tertiles of the 
simplified dietary pattern score and diabetes status, adjusted for 
potential confounders. ...................................................................................................51 
Table 3.4. Mean changes in concentration levels of cardiometabolic risk factors 
from baseline to Year 2 of follow up, for participants with and 
without diabetes. ............................................................................................................53 
Table 3.5a. Linear regression analysis β coefficients (and SEs) for the association 
of baseline dietary pattern predicting change in 2-year 
cardiometabolic risk factors among PRs with diabetes (n = 207). ................................54 
Table 3.5b. Linear regression analysis β coefficients (and SEs) for the 
association of baseline dietary pattern predicting change in 2-year 
cardiometabolic risk factors among PRs without diabetes (n =372). ............................55 
Supplemental Table 3.1. Factor loadings for all food groups of the dietary pattern 
score for subjects with and without diabetes. ................................................................56 
Supplemental Table 3.2. Population characteristics among subjects excluded and 
study participants. ..........................................................................................................57 
Supplementary Table 3.3. Mean intake of food groups (g/day) by tertiles of the 
simplified dietary pattern score and diabetes status. .....................................................59 
Supplementary Table 3.4a. Median intake by age groups for food groups with 
high factor loadings among participants with diabetes. ................................................60 
Supplementary Table 3.4b. Median intake by age groups for food groups with 
high factor loadings among participants without diabetes. ...........................................61 
Table 4.1. Population characteristics of Puerto Rican adults by diabetes status. ............................83 
Table 4.2a. Population characteristics by quintiles of the psychosocial variables 
for Puerto Rican adults with diabetes. ...........................................................................85 
Table 4.2b. Population characteristics by quintiles of the psychosocial variables 
for Puerto Rican adults with diabetes. ...........................................................................87 
xiv 
Table 4.3a. β coefficients (and SEs), for the association between a simplified 
dietary pattern score and continuous psychosocial health variables 
among Puerto Rican adults with and without diabetes. .................................................91 
Table 4.3b. β coefficients (and SEs), for the association between the simplified 
dietary pattern score and dichotomous psychosocial health variables 
among Puerto Rican adults with and without diabetes. .................................................92 
xv 
LIST OF FIGURES 
 
Figure 3.1. Sample size flow gram showing exclusions made in this study. .................................62 
xvi 
LIST OF ABBREVIATIONS 
 
BMI Body mass index 
BPRHS Boston Puerto Rican Health Study 
CES-D Center for Epidemiology Studies Depression 
CMR Cardiometabolic risk factors 
CVD Cardiovascular disease  
DPscore Dietary pattern score 
FFQ Food frequency questionnaire 
HbA1c Hemoglobin A1c 
HCHS/SOL Hispanic Community Health Study/Study of Latinos 
HDL High density lipoprotein  
LDL Low density lipoprotein  
MAHES Massachusetts Hispanic Elderly Study 
NHW non-Hispanic whites 
PCA Principal components analysis 
PR Puerto Rican 
PSS Perceived stress score 
RRR Reduced rank regression 
SBP Systolic blood pressure 
T2D Type 2 diabetes 
TAG Triglycerides 





Type 2 diabetes disproportionately affects Hispanic Americans, a population highly 
burdened by cardiometabolic risk factors for cardiovascular disease (CVD). Puerto Ricans (PRs), 
the second largest Hispanic subgroup in the US, have a high prevalence of diabetes (women 
having the highest prevalence) and worst CVD risk profiles among Hispanics. To effectively 
reduce health disparities for this population, further research is needed to elucidate what 
behavioral factors contribute to their CVD risk. Diet and psychosocial factors (e.g. psychological 
stress and depression) are well established contributors to the development of diabetes-related 
comorbidities and CVD risk. However, little is known about the specific dietary choices that are 
associated with cardiometabolic risk of PR’s with diabetes, and about how psychosocial factors 
are associated with these dietary choices. While some research has shown that PRs with diabetes 
adopt dietary recommendations (i.e. reduce carbohydrate intake) it is still unknown which foods 
contribute to their increased CVD risk (or poor diabetes control) compared to PRs without 
diabetes. Dietary intake is an important component of diabetes prevention programs, 
understanding the differences in intake between those with and without diabetes would better 
inform interventions that help curb the diabetes epidemic for PRs.  
This population also experiences the highest burden of poor psychosocial health (i.e. 
anxiety, depression) compared to other Hispanic subgroups. Research has shown bidirectional 
associations between indicators of poor psychosocial health and CVD risk for non-Hispanic 
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populations. A more recent cohort study showed that for the overall Hispanic population, 
increasing number of CVD risk factors increased the odds of depression. However little is known 
about how poor psychosocial health associates to dietary behaviors for those with and without 
diabetes and the extent to which it contributes to poor dietary choices.  
To answer these questions, we proposed using reduced rank regression (RRR) 
methodology to derive dietary patterns associated with cardiometabolic risk factors, 
independently for PRs with and without diabetes (Aim 1). In a sub aim (Aim 1c), we also 
examined if the baseline dietary patterns predicted change in the individual cardiometabolic risk 
factors at Year 2 of follow-up. Further, we examined how multiple psychosocial health factors 
(acculturation, stress and depression) were associated to a simplified score of these dietary 
patterns using multivariable linear regression (Aim 2).  
We used a large dataset from the Boston Puerto Rican Health Study (BPRHS), an 
ongoing epidemiological study PRs living in Boston (n=1,500; 45-75 y; 39% with diabetes at 
baseline). The BPRHS dataset provides measures of diet, anthropometrics, acculturation, 
psychosocial health, behavioral risk, clinical biomarkers and demographics. This study offers a 
unique opportunity to further enhance the knowledge base on behavioral risk factors for CVD 
among PRs. and contributes to the development of research that expands knowledge on the 
complex biological, psychological and environmental determinants of health for this population.  
Specific Aims 
Aim 1: Identify dietary patterns that explain the maximum variation in indicators of 
cardiometabolic risk among Puerto Rican adults with and without diabetes living in Boston, 
using baseline data from the BPRHS.  
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1a: Using RRR, identify patterns that strongly associate to indicators of cardiometabolic risk 
(LDL cholesterol, HDL cholesterol, triglycerides, systolic blood pressure and waist 
circumference) at baseline.  
1b: Develop a simplified score of the derived pattern (Aim1a) to determine the association of 
the dietary intake pattern with psychosocial factors in Aim 2. 
1c: Assess how the baseline RRR dietary pattern predicts change in cardiometabolic risk at 
Year 2, adjusted for potential confounders, and examine whether the baseline dietary pattern 
predicts worsening of the cardiometabolic risk factors by Year 2.   
Aim 2: Determine the psychosocial health factors that are associated with adherence to the 
dietary pattern derived in Aim 1b. 
2a: Determine associations of psychosocial factors (acculturation, perceived stress, and 
depression) with the simplified score at baseline, adjusting for potential confounders. We 
hypothesized that psychosocial factors of PRs with and without diabetes would be 





Diabetes and poor diabetes control disproportionately affect Hispanic Americans living in 
the United States 
Diabetes continues to be one of the top 10 leading causes of death in the US1,2 increasing 
risk for CVD and microvascular complications. The economic impact of diabetes in the US is 
one of the highest, compared to other chronic diseases3, with $245 billion in total health care 
costs.4 Ongoing disparities among high-risk groups account for disproportionate numbers of 
adults with diabetes in the United States.5 Approximately 13.2 percent of Hispanic Americans in 
the US have been diagnosed with diabetes. This age-adjusted prevalence is almost twice that of 
non-Hispanic whites (NHWs) (7.6) and higher than that of African Americans (12.9).6 Those 
with limited access to health care, low socioeconomic status, language barriers and low 
education levels face a higher burden of diabetes.7,8 Disparities also exist in diabetes control, 
leading to higher mortality9 and diabetes related comorbidities10 for Hispanics, relative to other 
groups. 
Healthy People 2020 targeted a 10% reduction in the proportion of the diabetes 
population with poor glycemic control (A1c >9%).11 While certain subgroups of the US 
population (i.e. NHWs, the elderly, and those with a high level of education) have already 
achieved this goal, others at highest risk (i.e. Hispanics) are far from doing so.11 There are no 
specific data on meeting this goal by Hispanic subgroup, however PRs in the BPRHS report a 
very low rate of adherence (4%) to the American Diabetes Association guidelines.12,13 Hispanic 
Americans are part of a rapidly growing population, and are projected to become a third of the 
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US population by the year 2050.14  Strategies to help reduce the proportion of poor glycemic 
control among Hispanics need to consider the unique contributions that diet and psychosocial 
factors have within subgroups of the Hispanic American population, given the well-known 
differences across their multiple cultures. 
Puerto Ricans experience very high diabetes rates, and the worst cardiometabolic risk and 
psychosocial health among Hispanic Americans 
PRs living in the US are a culturally unique subgroup of Hispanic Americans that 
experience a high burden of disease compared to all other subgroups of Hispanics in the nation. 
As US citizens, PRs should have equal access to health care and federally subsidized poverty aid 
programs. However they have a disproportionately high prevalence of T2D (16.2% men, 19.4% 
women) (Table 1) and cardiometabolic risk factors compared to other Hispanics and to non-
Hispanic whites (NHWs).12,15-17 In the Hispanic Community Health Study/Study of Latinos 
(HCHS/SOL) the age- and sex-adjusted prevalence of 3 or more CVD risk factors was highest 
among Puerto Rican participants (25.0%) compared to other Hispanic Americans.17 This study 
also reported that PRs had nearly twice the prevalence of self-reported heart disease than 
Mexican Americans (MAs).17,18 Furthermore, compared to NHWs, PRs had 80% greater diabetes 
mortality, a rate comparable to that of MAs.19 Other studies conducted in the Northeastern US 
with PR adults report high prevalence of obesity (measured by BMI and waist circumference),12 
systolic hypertension, hyperglycemia (high hemoglobin A1C) and dyslipidemia, mostly reflected 
in low high density lipoprotein (HDL) and high triglycerides (TAG) .12,15 Moreover, the 
BPRHS12 and a randomized controlled trial with PRs with diabetes in Massachusetts13 showed 
that PRs had poor diabetes control, with only 4% meeting all 3 goals of the American Diabetes 
Association guidelines further complicating their cardiometabolic risk. Among these goals, the 
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BPRHS reported maintenance of low LDL cholesterol as the goal most achieved by PRs with 
diabetes (59%).20 
The high burden of chronic disease among PRs, compared to other Hispanic subgroups, 
may put them at higher risk of depression and anxiety.21 In the HCHS/SOL, the prevalence of 
depression ranged from 22.3% in MAs to 38.0% in PRs.21 After adjustment for demographic, 
lifestyle, and comorbid conditions, PRs were 54% more likely to have high depressive symptoms 
than MAs.21 Depression was also more prevalent among women, those with less than high school 
education, and those aged 45 to 64 years, relative to younger or older groups. Furthermore, 
significantly higher anxiety scores were reported among PRs compared to other Hispanic 
Americans.21 These findings confirm the high prevalence of depression,22 stress22,23 and anxiety24 
reported in other studies among PRs living on the US mainland.    
The diet of Hispanic Americans living in the US increases their diabetes and CVD risk 
Among the general Hispanic American population, dominant dietary patterns are 
associated with markers of diabetes and cardiometabolic risk.25-27 However little is known about 
the specific dietary choices of Hispanics living with diabetes, and how it may slow disease 
progression. Diet is a known modifiable risk factor for the development and management of 
diabetes28,29 and CVD.30 Among patients with diabetes, dietary modifications help balance the 
dysregulation of glucose metabolism31,32 decreasing A1C by 2.9 percentage points within a 6-
month period.33,34 In addition, dietary modifications are associated with reductions in diabetes 
comorbidities (i.e. macro- and micro- vascular complications).35,36     
Studies looking at dietary choices associated with markers of diabetes control and 
cardiometabolic risk by Hispanic subgroup are lacking. Overall, the dominant dietary patterns of 
Hispanics (including PRs in the BPRHS cohort) are associated with overweight, obesity, diabetes 
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and metabolic syndrome.25-27 Further, adherence to healthy dietary patterns that are protective 
against diabetes risk and diabetes complications (e.g. Mediterranean style, American Heart 
Association) is low among PRs in the BPRHS.37 Higher intake of dietary fiber among Hispanic 
Americans compared to non-Hispanic whites is a positive aspect to build on, although the 
average intake (19 g/d) is still lower than the recommended level (25-30 g/d).38,39 In the BPRHS 
cohort, dietary fiber intake was lower than recommended (~19g/d) regardless of diabetes status.39 
Additionally, carbohydrate and polyunsaturated fat intake among elderly Hispanics (of Puerto 
Rican and Dominican origin) in Massachusetts was not associated to LDL-cholesterol.20 In 
contrast to non-Hispanic whites, intakes of cholesterol and saturated and monounsaturated fatty 
acids were lower in this population.20 In the BPRHS cohort, PRs with diabetes report a mean 
carbohydrate intake (265g/d) above the recommended dietary allowance for healthy adults 
(130g/d).40 Among PRs without diabetes there was an inverse association between carbohydrate 
intake and HDL.39 This association was not seen among PRs with diabetes, suggesting that other 
factors such as lipid lowering medication or changes in the diet may be responsible for the lack 
of association.  However, results from these studies are limited to nutrient intake analyses and by 
their cross-sectional nature. More research is needed to identify specific food groups within the 
carbohydrate rich diets of PRs that are associated to cardiometabolic risk to better inform the 
development of targeted interventions.     
Further, while a few studies have reported reduced sugar intake among Hispanics 
(including PRs) with diabetes compared to those without diabetes,39,41,42 little is known about the 
dietary patterns that influence the progression of cardiometabolic risk among  participants with 
diabetes. More research is needed to elucidate the specific dietary choices of Hispanic subgroups 
that are at highest risk for CVD (i.e. PRs) and how other factors (i.e. psychosocial health factors) 
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may impact their ability to achieve sustained dietary changes for improved diabetes 
management.   
What do we know about the dietary behaviors of Puerto Ricans with or without diabetes? 
Little is known about the diet of PRs with diabetes or about the factors that influence 
their adherence to healthier dietary patterns. A thorough literature review revealed that studies 
looking at the dietary behaviors of PRs in the past 20 years, excluding clinically specific 
populations (i.e. pregnant women), are limited.43 In sum, 21 papers were identified, with data 
from only a few studies conducted in the northeastern US (Fig. 1).43 The Massachusetts Hispanic 
Elders Study (MAHES) and the BPRHS provide a good evidence base for the dietary behaviors 
of PR adults (age 45-75) living in Northeastern US. This work includes epidemiologic research 
looking at macro- and micronutrient status, dietary patterns (using Principal Components 
Analysis (PCA)), adherence to dietary quality indices, fruit and vegetable consumption, quality 
of carbohydrate (by diabetes status), and fat intake. To date, the BPRHS is the most robust study 
we could find on dietary behaviors of PR adults at the cross-sectional and longitudinal level. 
Dietary patterns of Puerto Ricans living in the US are associated with indicators of 
cardiometabolic risk 
Studies looking at dietary patterns of PR adults living in Massachusetts have shown 
important PCA patterns of consumption unique for PR adults. Among elderly Hispanics and 
NHWs (age 60-92 y), PRs were more likely to consume diets with large energy contributions 
from three patterns: Rice, Starchy Vegetables and Milk (out of five patterns including “Fruit and 
Breakfast Cereal” and “Sweets” derived from cluster analyses). In addition, they were the least 
likely to consume a fruit and cereal dietary pattern, compared to Dominicans and NHWs. The 
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rice pattern, which consisted mainly of rice, beans, poultry and oil, was associated with greater 
body mass index (BMI) and waist circumference (WC) and with lower acculturation.44 These 
findings were not stratified by diabetes or adjusted for diabetes medications. In the BPRHS, PCA 
was used to derive three dietary patterns for older PR adults (age 45-70): Meat and French fries 
(low in fruits and vegetables, low fat dairy, cereal, fruit juice), Traditional rice, beans and oil 
pattern (low in high fat dairy, condiments and nuts and seeds), and Sweets (high in candy, sugar 
and chocolate candy, soft drinks, sugary beverages, sweet baked goods, dairy desserts and salty 
snacks; low in fish, poultry, vegetables, oils and soups). Related to markers of cardiometabolic 
risk, the Traditional pattern was associated with metabolic syndrome and lower HDL 
concentration. The Meat and French fries pattern was associated with high blood pressure and 
higher WC. Similar results were found when participants with diabetes were excluded. The 
Sweets pattern was also associated with higher WC and lower HDL concentration, but it was 
only associated with metabolic syndrome when participants with diabetes were excluded. This 
cross-sectional finding suggests that participants with diabetes may have made dietary 
modifications in their consumption of sweets. Similar to findings from Lin et al., the Traditional 
pattern was associated with lower acculturation.25 In another analysis, the Traditional pattern was 
not associated with allostatic load (AL) and the Sweets pattern was only associated with AL 
when participants with diabetes were excluded from the analyses.45 However the Meat and 
French fries pattern was associated with AL, as were several of its components (higher WC, 
systolic and diastolic blood pressure, glycosylated hemoglobin and lower de-
hydroepiandrosterone sulfate (DHEA-S)).45 Furthermore, a study looking at fat dietary patterns 
(not stratified or adjusted for diabetes status) showed that the major dietary sources of fat came 
from oils, particularly corn oil, chicken, meat and processed meat, cheese and milk.46   
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Although findings from these studies suggest that participants with diabetes have made 
dietary adjustments in their sugar intake compared to those without diabetes, we are still unable 
to answer what aspects of the PR diet among those with diabetes are associated with 
cardiometabolic risk. It is important to examine these relationships at a deeper level to generate 
informed hypotheses about the unique factors that contribute to poor diabetes management 
among PRs. Studies have also been limited to dietary patterns derived using PCA/cluster 
analyses to examine the relationships between the patterns and cardiometabolic risk factors.  
However, such patterns simply explain the variation in intake, and there is no guarantee that the 
identified patterns will be related to specific health outcomes.47  
Evidence on dietary intake of Puerto Ricans with diabetes is inconclusive in relation to 
cardiometabolic risk 
Attempts to describe the specific dietary behaviors of PRs with diabetes have been made.  
In Massachusetts, a randomized controlled trial of Hispanics (88% PRs) with diabetes looked at 
the diet quality of participants as a secondary measure (using 24-hour diet recalls).13 Results 
showed that total reported energy intake was, on average, lower than that of other PR 
cohorts.13,48  Both the intervention and control participants had fiber intakes below the 
recommended dietary allowance (RDA) for the general population, and the average sodium 
intake (3361 mg) was substantially above the RDA.49 Furthermore, the mean energy from SSBs 
(163 kcal/day) in this study population13 was higher than previous findings among Latino adults 
with diabetes (65-78 kcal/day).42,50 Among Hispanic participants who joined a cholesterol 
education program in New England, PRs had significantly poorer mean Food Habits 
Questionnaire (FHQ) fat quality scores than Guatemalans or Dominicans, and higher prevalence 
of many fat-related eating behaviors.51  In addition, PRs and Colombians were less likely to 
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choose fruit and vegetables for snacks or fruit for dessert. This study did not distinguish between 
types of dietary fat or report results by diabetes status. A case-control study of Latinas 
(predominantly PR) conducted in Hartford, Connecticut showed that participants with diabetes 
had significantly lower intake of sweets and regular soft drinks and higher intake of artificially 
sweetened versions of these foods and drinks.  They consumed meats less frequently than 
participants without diabetes although this was not statistically significant.52 Although this study 
used food frequency dietary data, generalization of its results is limited, given its small sample 
size (n=100).  
A more robust analysis (BPRHS) of carbohydrate intake of PRs by diabetes status was 
conducted by Van Rompay et al., using a food ranking methodology.48 Compared to PRs without 
diabetes, those with diabetes consumed more hot breakfast cereal and had lower intake of fruit 
juice and SSBs. In addition, they consumed fewer carbohydrates and had lower dietary glycemic 
load (mainly from lower intake of total sugars). Regardless of diabetes status, fiber intake was 
low, with only 22-25% meeting the RDA. The highest sources of dietary fiber intake were 
legumes, followed by grains and starchy vegetables. Overall, results suggest that PRs with 
diabetes have modified their carbohydrate intake, compared to those without diabetes.48 Further 
research is needed to identify dietary patterns associated with variability in markers of 
cardiometabolic risk among PRs with diabetes, and the extent to which dietary patterns that 
reflect adherence to multiple recommendations--beyond reducing carbohydrate intake--appear to 
be beneficial.  
Adherence to evidence-based diet quality indices is low among PRs living in the US and 
Puerto Rico. Overall adherence to dietary pattern indices that are protective of CVD and diabetes 
is low among PR adults living in Massachusetts.37,53 Very little is known about adherence to 
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these indices for PRs with, vs. without, diabetes. Studies conducted with the BPRHS cohort 
(including PRs with diabetes) reported a mean Mediterranean diet score of 4.37, from a possible 
range of 0 to 937 and only 3% of the population had an American Heart Association Diet and 
Lifestyle (AHA-DLS) score > 50 %.54 Similar results were found for adherence to the Healthy 
Eating Index (HEI).37 The least followed recommendations in the AHA diet were those for 
saturated fat, whole grains (~98% of intake below recommendations), trans fat, and sodium as 
well as suggestions for servings of fruit and vegetables (median intake below CDC 
recommendations) and added sugars (nearly 75% did not meet recommendations).53,55 Higher 
AHA score (better diet) was positively associated with acculturation, education and income, and 
with lower perceived stress.54 More women than men followed the AHA diet recommendations55 
and, although daily servings of FVs were similar among men and women, men had more limited 
variety.53,55  
Among participants with diabetes, percent adherence to the AHA-DLS pattern ranged 
from 38 to 44 percent, with no significant difference across quartiles. However, no information is 
available on the types of foods associated with the highest or lowest quartile for PRs with 
diabetes.53 A study conducted among university students in Puerto Rico (age 21-30) showed that 
62% of participants had an inadequate diet, based on a modified Diet Quality index, however this 
study did not screen for diabetes status and is limited in sample size and generalizability.56 
Future studies are needed to examine adherence to these diet quality indices for PRs with 
diabetes. 
Fruit and vegetable intake among Puerto Ricans is low and limited in variety 
A study that examined fruit and vegetable consumption among PR adults (with and 
without diabetes) found low median intake (3.2 servings/day) and limited variety of intake.57  
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The reported intake for this study was lower than that reported for NHWs in other large cohort 
studies.58-61 These studies included participants with diabetes, but did not stratify by diabetes 
status and have not tested associations with cardiometabolic risk factors. 
Macronutrient and micronutrient intake of Puerto Ricans, in general, reveal dominant 
food choices characteristic of this population 
Among elderly Hispanics (Puerto Rican and Dominican), rice was the major contributor 
of energy and complex carbohydrates; beans were the major contributor of fiber; and milk 
(mainly whole) and oils were the major contributors of total fat.15 The top contributor of simple 
sugars was milk (for the less acculturated) and added sugar (for the more acculturated).  
Hispanics residing in the US for a longer time tended to have macronutrient profiles more similar 
to those of the NHWs (i.e. higher intake of high-fiber cereals and sweet baked goods).15 
However, results were not reported by diabetes status or in relation to cardiometabolic risk. 
Within this cohort, Hispanics were more likely to consume more energy from carbohydrates and 
polyunsaturated fatty acids (PUFA) than were NHWs, and the ratio of PUFA to saturated fatty 
acids (SFA) was higher among Hispanics, compared to NHWs. Another cross-sectional study 
looking at fat-related dietary behaviors among adult PRs living in New York City reported that 
participants with diabetes were more likely to modify meat consumption practices to reduce fat 
compared with those without diabetes.62 Major limitations of this study include the use of a brief 
Fat-Related Diet Habits Questionnaire and diabetes ascertainment using self-reported data.  
Micronutrient status was examined by the BPRHS and MAHES. Dietary intake of 
vitamins B6 and B12 was low and associated with plasma homocysteine concentration, a risk 
factor for CVD.63,64 Among the elderly, Hispanics had significantly lower vitamin B-12 intake 
and plasma concentration, compared to NHWs. The high prevalence of low vitamin B-12 status 
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appeared to be largely attributed to inadequate intake, particularly of sources of unbound vitamin 
B-12 such as supplements and fortified breakfast cereal.64 Similarly, 11% of older adult PRs had 
vitamin B-6 deficiency and this was also associated with plasma homocysteine concentration, 
after adjusting for diabetes and other covariates.65 Again, these studies did not stratify results by 
diabetes status.  
Overall, results suggest that PRs with diabetes have lower sugar intake compared to PRs 
without diabetes. Further, the data suggest that they have inadequate total dietary fiber intake, 
high caloric intake from beverages and carbohydrates, low fruit & vegetable intake, and low 
adherence to healthy dietary patterns. 
Overview of psychological and sociocultural factors as determinants of health 
Psychosocial health factors are defined as psychological or sociocultural characteristics 
that have an influence on an individual’s health and behavior. These characteristics may affect 
physical health through either direct or indirect pathways (e.g. psychosocial health modified 
behaviors  health outcome).66,67 Another hypothesis considers how psychosocial health 
mediates the effect of socioeconomic status on health outcomes.67-69  
While most of the evidence base is cross-sectional, studies have demonstrated a 
bidirectional association between biological and psychosocial factors. Less is known about 
associations between psychosocial health and modifiable risk behaviors. However, the role that 
psychosocial health factors play in the development and management of chronic disease has been 
identified as a potential target for interventions that aim to improve health outcomes for those 
with diabetes and chronic disease.70-73 While psychosocial health encompasses a myriad of 
factors, most studies have explored how markers of stress, anxiety, depression, social support 
and acculturation associate to disease outcomes. Understanding how some of these factors affect 
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important health outcomes such as CVD risk through modifiable behaviors is important for the 
reduction of health inequalities associated to poor psychosocial health. 
Evidence of causal associations between psychosocial health factors and cardiometabolic 
risk is lacking for Hispanics 
CVD is independently associated with poor psychosocial health, in a bidirectional way. 
Aside from the well-established contributions of risk behaviors (e.g. diet, low physical 
activity) to the development of CVD risk, we know that psychological and sociocultural factors 
(psychosocial health from hereon) are also important determinants of CVD risk. Studies have 
shown that there is a bidirectional relationship between CVD and poor psychosocial health (e.g. 
depression and anxiety). While depression is known to independently increase risk for 
cardiovascular events,74-79 studies have also reported the development of depression after a 
myocardial infarction80 or a stroke.81 Research conducted among Hispanics has focused on 
understanding the association between socioeconomic factors and CVD risk and on how 
psychosocial health mediates this association. McCurley et al. demonstrated an indirect 
association between lower socioeconomic status and metabolic syndrome factors, mediated 
through higher psychosocial risk.69 Interestingly, the mediation association was significant for all 
Hispanic subgroups except for PRs, who had the highest prevalence of poor psychosocial health. 
Another cross-sectional study reported positive associations between anxiety and depression and 
markers of CVD risk.21 However, there is no evidence of causal associations between 
psychosocial health and CVD risk behaviors in Hispanics.  
Importantly, in patients with both diabetes and depression, there is higher probability of 
other cardiovascular risk factors, such as smoking, obesity, sedentary lifestyle, and elevated 
hemoglobin A1C (HbA1c) (8.0 %), however fewer than 25% are treated effectively.82,83,84 This 
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leads to higher risk for microvascular complications and higher all-cause and CVD mortality, 
when compared with patients without depression.85 However, this research is limited to cross-
sectional findings, with low representation of Hispanic Americans. A review by Fiore et al. 
highlighted the need for further evaluation of the possible association between diabetes and 
depression, to identify subgroups of patients with diabetes at higher cardiovascular and all-cause 
mortality risk.86 PRs are a Hispanic subgroup with the worst cardiometabolic risk profile among 
Hispanics and poor psychosocial health (i.e. anxiety, depression).21 Further understanding of 
how psychosocial health associates to their cardiovascular risk factors (i.e. dietary behaviors) is 
necessary if we want to effectively impact the reduction of health inequalities. 
Evidence for indirect causal associations between psychosocial health factors and 
cardiometabolic risk is multifactorial 
Psychosocial health factors are bi-directionally associated with indicators of diabetes 
management.  
The importance of psychosocial factors for the development and management of chronic 
disease has been identified as a potential target for more effective interventions that aim to 
improve the health outcomes of people with diabetes and other chronic diseases.70-73,87 While 
psychosocial health encompasses a myriad of factors, most studies have explored how markers 
of depression, stress and social support associate to disease outcomes. A bidirectional association 
between diabetes and poor psychosocial health has been established.86,88 However, little is 
known about how psychosocial factors affect the management of diabetes through adherence to 
dietary recommendations of Hispanics.    
Disease-related stress can lead to difficulty in the self-management of diabetes89 by 
interrupting physical activity, diet maintenance and medication usage.90-92 One study among PRs, 
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tested the association of biological markers of stress (i.e. cortisol, epinephrine, and 
norepinephrine) with quintiles of PCA derived dietary patterns, but did not find any significant 
differences between quintiles of adherence93; this analysis may have been limited by the cross-
sectional nature of the study. To our knowledge no other study has looked at how stress 
associates to diet adherence for Hispanics with diabetes. Within the general diabetes population, 
psychological stress increases the risk of developing depression in the first 3 years after 
diagnosis.94 Studies have suggested that disease-related stress may induce the hypothalamic-
pituitary adrenal axis to produce cortisol, which induces hepatic insulin resistance and decreased 
insulin secretion.95,96 This may lead to higher risk of depression and anxiety disorders among 
people with diabetes, compared to the general population.97,98 A meta-analysis showed that 
adults with diabetes were twice as likely to have depression compared to those without 
diabetes.99 Conversely, people with depression had increased risk of developing diabetes,100 with 
up to 37 % of cases having been diagnosed previously with depression.101  Furthermore, general 
emotional stress, anxiety, sleeping problems, and hostility are key risk factors for T2D.102 
Studies have also shown that the association between diabetes and depression may lead to lower 
adherence to self-care behaviors (i.e. self-monitoring of glucose103,104 medication use105) and to 
recommended lifestyle changes such as diet, physical activity, smoking cessation and alcohol 
restriction, resulting in poor glycemic control and increased diabetes related complications.103-106 
However, the associations reported between depression and adherence to lifestyle changes in 
Type 2 diabetes (T2D)103,104,106 are limited to cross-sectional descriptive studies, with little or no 
representation by Hispanic subpopulation (i.e. very small sample sizes). A recent review 
highlighted that few studies have focused exclusively on the effects that depression or depressive 
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symptoms have on diet and physical activity, two behaviors that are the cornerstones of the non-
pharmacological approach to treating diabetes32,107-109  
Furthermore, the role of social support in adherence to dietary recommendations for 
people with diabetes is less clear, given the nuances in the definition of social support in the 
literature110 and how it is experienced among different populations. In a sample of older 
Mexican-American patients with T2D, greater family support was associated with fewer 
perceived barriers to diet self-care management,111,112 especially among those living with their 
families. However, in a separate study,113 general perceived social support was associated with 
increased patient dietary and medication adherence, but controlling behaviors from family 
members were neither beneficial nor detrimental to dietary adherence. The BPRHS assessed the 
role of social support on perceived stress. The frequency of social contacts was associated with 
greater perceived stress for women and lower perceived stress for men,114 demonstrating that 
social support may be perceived both as negative or positive with varying effects on the 
psychosocial health of participants.114 Although this study did not examine the role of social 
support on dietary adherence, it did address distinctions between positive or negative social 
support, a limitation of the social support research when defined by number of people in the 
social network. This distinction is particularly important for the Hispanic population, which 
relies heavily on family networks (i.e. familismo).115 Future research needs to focus on 
examining the roles of stress, social support and depression in the adherence to dietary 
recommendations of T2D patients.34 
Acculturation is a sociocultural factor influencing health behaviors of Puerto Ricans in the US. 
According to the Institute of Medicine, health behaviors and other social variables occur 
in a cultural context that must be understood to determine how culture may influence the 
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adoption of health recommendations.116 Diabetes studies have shown that both culture and 
ethnicity may influence the person’s and family’s response to diabetes, disease management, and 
treatment.117-120 Some studies report religion and spiritual beliefs as protective factors for risk of 
diseases such as depression.86,121 While PRs are US-born citizens, within the US they have a 
unique cultural background formed by centuries of Spanish and other influences on the island of 
PR. Therefore, the relocation of PRs from the island to the US mainland causes major shifts of 
social norms and disruptions to their existing social networks that may have an impact on their 
health outcomes. Thus, it is necessary to independently examine how sociocultural factors 
influence health behaviors of PRs who experience high prevalence of diabetes and CVD risk.122   
Studies have looked at acculturation as an indicator of sociocultural factors that influence 
health behaviors (e.g. diet) and health outcomes. In the BPRHS, Van Rompay et al. reported 
higher intake of quality carbohydrate foods (except legumes) and more physical activity among 
PRs with higher acculturation.48 Furthermore, a Traditional rice and bean pattern was 
significantly associated with lower acculturation and metabolic syndrome.48 In the HCHS/SOL,  
indicators of acculturation measured as “place of nativity” (born in US vs. foreign born) and 
being second or later generation immigrant were associated with higher likelihood of depression 
and anxiety.21 This study also showed that PRs had the highest depression and anxiety scores, 
compared to all other Hispanic subgroups, with PRs 54% more likely to have high depressive 
symptoms than those of Mexican origin.21 Thus it is evident that acculturation plays different 
roles in dietary behaviors and the development of poor psychosocial health. With this study we 
want to understand how acculturation associates to a CVD risk dietary pattern for PRs with and 
without diabetes to help specify how acculturation results in different CVD risk behaviors for 
both subgroups.    
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Summary 
In summary, there is a lack of research for CVD prevention that is specific to Hispanic 
subgroups, which are known to have clear differences in socioeconomic, political and cultural 
backgrounds. CVD prevention efforts for PRs – a high risk subpopulation – needs to consider 
how dietary behaviors differ among those with and without diabetes in association to markers for 
cardiometabolic risk. Dietary pattern analysis is currently the preferred methodology in nutrition 
research, and has been increasingly used in population based studies.123,124 To date, the majority 
of nutrition research looking at dietary patterns of Hispanics has used PCA or cluster analyses. 
More recently RRR methods have emerged to improve our understanding of how dietary choices 
may be associated with disease risk factors or health outcomes.125 Given poor diabetes control 
among PRs it is important to better understand what aspects of diet contribute to their poor 
diabetes control to make better clinical recommendations for this subgroup. Using RRR methods 
may allow us to determine more specific dietary patterns that are associated to CVD risk 
independently for PRs with and without diabetes. 
Further, exploratory research is needed to examine how the high prevalence of depression 
and anxiety among PRs may play a role in dietary behaviors that are associated to CVD risk.  
Understanding this by diabetes status helps elucidate important biopsychosocial differences in 
CVD risk for both treatment and prevention efforts.
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DIETARY PATTERNS ASSOCIATED WITH CARDIOMETABOLIC RISK DIFFER BY 
DIABETES STATUS AMONG PUERTO RICANS LIVING IN BOSTON, 
MASSACHUSETTS 
Introduction 
Puerto Ricans (PRs), the second largest Hispanic subgroup in the US have a high 
prevalence of type 2 diabetes (T2D) and adverse cardiovascular disease (CVD) risk profiles.1,2 
Compared to other Hispanic subgroups and non-Hispanic whites, the prevalence of diabetes 
(14.8%) and multiple coexisting cardiometabolic risk factors (CMR) (25%) is highest among 
PRs.2,3-5  PRs have been shown to have an 80% greater diabetes mortality rate than non-Hispanic 
whites6, and nearly twice the prevalence of self-reported heart disease compared to Mexican 
Americans.1,2 Given the high prevalence of diabetes and CMRs among PRs, studies are needed 
to help inform targeted interventions that address the key contributors to these health disparities.   
Diet is a well-established contributor to the development of diabetes-related 
comorbidities7,8 and CVD.9 Little is known about how the dietary patterns of PRs associate with 
multiple indicators of CMR, and about how these differ by diabetes status. Among the general 
Hispanic population, dominant dietary patterns have been associated with overweight, obesity, 
diabetes and the metabolic syndrome.10-12 An important cohort study (Boston Puerto Rican 
Health Study, BPRHS) conducted among older adult PRs living in Boston, reported  associations 
between a “rice” dietary pattern (consisting mainly of rice, beans, poultry and oil) and indicators 
of CMR such as higher body mass index (BMI) and waist circumference (WC); and lower high 
density lipoprotein cholesterol (HDL).13 Further, within this same cohort a “meat and French 
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fries” pattern was associated with high blood pressure and WC; whereas a “sweets pattern” was 
associated with higher WC and lower HDL concentration. Both the “rice” and “sweets” patterns 
were associated with greater risk of metabolic syndrome, although this was only significant when 
participants with diabetes were excluded. These dietary patterns (derived with principal 
components analysis, PCA) were not, however, derived separately for both PRs with and without 
diabetes, limiting our ability to explain important differences in the dietary intake and 
pathophysiology of CVD risk between these subgroups. Understanding which specific food 
choices are associated with CVD risk among each of these subgroups is necessary to better 
inform prevention strategies to reduce disparities in CVD risk.   
Reduced rank regression (RRR) methods have emerged to identify patterns that are 
associated with disease risk in specific populations.14 In contrast to PCA, RRR has the ability to 
derive dietary pattern scores that are associated with multiple disease risk markers (i.e. response 
variables), to best explain their maximum variation in models. In response to a call for 
translational nutrition research that informs effective policies and interventions that may lead to 
sustainable changes in CVD prevention15—our aim was to derive dietary patterns that best 
explain the maximum possible variation in cardiometabolic risk, and to quantify their 
prospective associations with 2-year changes in CMR factors, separately for PRs with and 
without T2D. For this, we used data from the BPRHS, excluding participants taking antilipemic 





A cross-sectional analysis using baseline BPRHS data was used to derive dietary patterns 
associated with CMR for each subgroup (with and without diabetes) of PRs. Subsequently, we 
conducted a longitudinal analysis using multivariable-adjusted general linear regression to 
quantify associations between these patterns and changes in 5 individual CMR factors over 2 
years of follow-up. While few prospective data exist for PRs, cross-sectional studies report high 
prevalence of several CMR factors (i.e. high low density lipoprotein cholesterol (LDL), 
triglycerides (TAG), systolic blood pressure (SBP), WC and low HDL).3,4,16,17 Among PRs, 
dyslipidemia is mostly reflected as low concentration of HDL and high concentration of TAGs.3,4 
Although LDL control is reported as the goal most achieved by PRs with diabetes (59%)17, it is 
largely mediated by use of antilipemic medication (Prevalence of antilipemic use: 57% with 
diabetes and 23% without diabetes). Thus, exclusion of participants taking antilipemic 
medications allowed us to better identify dietary behaviors associated with LDL that are 
modifiable.  
Study Population  
The BPRHS (2004-2009) is an ongoing longitudinal epidemiological study of PRs living 
in Boston, designed to examine the role of psychosocial stress on the presence and development 
of allostatic load (physiological dysregulation) and other health outcomes in PRs—as well as to 
examine how these associations are modified by nutritional status.5 The study design and 
sampling have been reported previously.5 Briefly, data were collected from participants in 3 
waves including baseline, 2-years and approximately 5 years. Adults of PR descent were 
recruited using an enumerated door-to-door and community sampling approach. Eligible 
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participants were self-identified PRs, age 45-75 y, with current residence in the Boston, MA 
metropolitan area, able to answer questions in English or Spanish, and with a Mini-mental State 
Examination score (>10).  A majority of recruited participants were female (70%), many had less 
than 8th grade education (48%), fell below the poverty level (59%) and reported chronic health 
conditions such as diabetes (40%) or hypertension (69%).5 For this study we identified PRs with 
and without diabetes (n=1499) excluding participants with implausible dietary intakes (n=72), 
implausible biological measures (n=7), missing data for diabetes diagnosis variables (n=34), on 
antilipemic medications (n = 581), missing CMR variables (n = 44), or missing dietary pattern 
score (n = 69). Dietary pattern analyses using RRR were conducted using independent samples 
for participants with diabetes (n=262) and those without diabetes (n=441) (Figure 3.1). Study 
procedures were approved by the Institutional Review Board at Tufts Medical Center and 
Northeastern University. All participants provided written informed consent. 
Definition of type 2 diabetes (T2D) 
This study defined T2D as having fasting plasma glucose ≥ 126 mg/dL, glycosylated 
hemoglobin  ≥ 6.5%, or self-reported use of diabetes medication at baseline (with presentation of 
medication containers).9  
Dietary assessment measures 
Dietary intake was assessed using a semi-quantitative food-frequency questionnaire 
(FFQ), adapted and validated for this population to capture intake over the past 12 months.18 
Details about its validation have been described elsewhere.18 In brief, adjustments were made to 
include appropriate foods and portions sizes and validated against various plasma micronutrients 
in Hispanics >60 y.18-20 Nutrient intakes were calculated using the Nutrition Data System for 
Research software (version 2007, Minneapolis, MN).21 Pearson correlation coefficients for 
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intakes measured by the revised FFQ and the 24-hour dietary recall ranged between 0.72 and 
0.80, with most values of 0.84 and higher. Overall, the correlations with the revised FFQ showed 
considerable improvement compared to the original FFQ. Those with energy intakes < 600 or > 
4800 kilocalories and/or > 10 questions blank on the FFQ were considered invalid (i.e. 
implausible intake) and excluded from dietary analyses.5  
For this study we further disaggregated and regrouped a series of food groups (34) 
previously designed for a PCA analysis with this population10 into a total of 36 food groups 
(Supplemental Table 3.1). In brief, the original foods were converted to gram amounts and 
grouped based on similarity of nutrient content.10 Mixed dishes were disaggregated to the 
ingredient level and allocated to the most relevant food group.10 Food groups were standardized 
as percent of total energy using the nutrient density method (grams per 1000 kcal) by dividing 
grams of food into total energy intake and multiplying it by 1000. Further, outliers for each food 
group were detected (>= 6 SD from the mean of each food group) and individuals outside this 
value were excluded (n = 72) as reported above.  
Cardiometabolic risk measures  
A total of 5 biological measures of CMR were selected:  HDL, TAG, and LDL as 
markers of dyslipidemia; and SBP and WC. SBP was measured at three time points during the 
interview, using an electronic sphygmomanometer (Dinamap model 8260, Critikon), and WC 
was measured in duplicate and averaged. Fasting blood samples were collected by a certified 
phlebotomist in the participants’ homes.5 Biological blood measures were obtained using 
standard laboratory methods that have been previously described.10 While glycosylated 
hemoglobin (HbA1c) is a standard measure for glycemic control,22 and therefore of CVD risk 
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among individuals with diabetes, we do not include it as a marker of CVD risk as it is also used 
to classify participants with or without diabetes for this study. 
Demographic and population characteristic measures  
The BPRHS collected self-reported measures on age, sex, education, acculturation, 
household income, smoking, alcohol consumption, physical activity, medication use, and 
medical diagnoses. Body mass index (kg/m2) was calculated from measured height and weight. 
Education was categorized as: (1) no schooling or less than 8th grade, (2) 9-12th grade/GED, (3) 
some college or graduate school. Household income  and  size, were used to derive a poverty 
variable from annual US Census Bureau data.23 Smoking was defined as: current smoker vs. not 
currently smoking; and alcohol consumption as: consumption within the past year vs. never or 
not within the past year. A physical activity score was derived using a modified Paffenberger 
survey instrument.24 A language-based acculturation score was defined as percent (0-100%) with 
higher values (> 50) indicative of more acculturation. Anti-diabetes, anti-hypertensive and anti-
lipemic prescription medications were identified through medical inventory and defined as 
taking medication (yes/no). The list of anti-diabetes agents included: metformin, meglit, 
sulfonylureas, glitazones, and alpha glucosidase inhibitors. Insulin was defined as using this 
medication, yes or no. Antilipemic agents included: HMG CoA reductase and Omega-3 fatty 
acid supplements. Medical diagnoses were defined using a yes/no variable for: high blood 
pressure, heart attack, heart disease and stroke.   
Sample size and power 
The literature for deriving dietary patterns with RRR has presented little information to 
inform sample size calculations. In contrast, the PCA literature for dietary pattern analysis has 
offered a variety of possible solutions to examining the validity of the derived patterns. Findings 
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from PCA analyses may be extrapolated to the RRR methodology, given that RRR is a variation 
of PCA that allows use of multiple response variables. Sample sizes with PCA range from <100 
to 500 or more depending on factors such as variable communality (e.g. the portion of the 
variance of that variable that is accounted for by the common factors) and over-determination of 
factors (e.g. factors that exhibit high loadings on at least 3-4 variables and a simple structure).25 
For this study, the baseline sample sizes of 262 for participants with diabetes and 441 for 
participants without diabetes fall within an acceptable range for PCA dietary pattern analysis. 
Reduced rank regression (RRR) analysis  
To derive dietary pattern scores that explain the maximum variation in cardiometabolic 
risk individually for each subgroup, we conducted RRR analysis using the partial least squares 
(PLS) procedure in SAS (v. 9.3 SAS Institute). RRR identifies patterns that are associated with 
disease risk, accounting for the correlation between food components and disease risk factors 
that are selected based on prior scientific knowledge.26 Our study response variables included 
indicators of CMR among Puerto Rican adults: SBP27, LDL1, TAG3,4,17, HDL1 and WC.27,28 This 
method works by finding linear combinations (i.e. factors or scores) of the continuous predictors 
(i.e. food groups) and disease-specific responses (i.e. CMR factors) while explaining the 
maximum variation in the responses. The number of patterns derived is equal to the number of 
response variables in the model. For this analysis, we selected the first dietary pattern, which 
explained the largest percent variation in response variables. Further, the direction of the 
coefficients in the pattern identified by the software indicated a protective pattern; we reversed 
the signs of the predictor coefficients, therefore reversing the signs of the outcome coefficients to 
adequately represent a risk pattern before deriving the simplified score. We excluded the alcohol 
food group given its known positive association with HDL concentration29-32 as well as it being 
38 
the food group with the lowest reported median intake (i.e. median intake = 0 grams/day) for 
both subgroups of participants. 
To help characterize the dietary pattern score (DPscore) and improve its interpretability, we 
simplified the first factor score using a standard approach33 that selects only the food groups with 
high factor loadings (absolute value 0.2 or higher) in the original RRR.33,34 The selected food 
groups are standardized to have a mean=0 and standard deviation=1, and then summed. The 
simplified score was subsequently used to examine the association of the dietary pattern with 
characteristics of the study population and CMR factors at baseline, and to quantify its 
association with changes in 5 individual CMR factors after two years of follow-up. 
Statistical tests 
Descriptive analyses were conducted for sociodemographic and health characteristics, by 
diabetes status of the population. We used Student’s t-tests (for continuous variables), and X2-
tests (for categorical variables) to examine associations with diabetes status. Differences in 
sample characteristics were considered significant at P < 0.05. Student’s t-tests were also used to 
compare individuals excluded from this study to those included. To better understand how 
dietary intake was distributed across age groups, we estimated the median intake for the food 
groups that loaded high in the derived dietary patterns, by three age categories (i.e. 40-50, 50-60, 
60-70 years) using quantile regression. The quantile regression was estimated 10000 times, using 
basic models (not adjusting for other covariates).  
 Population and clinical characteristics of the study population were examined by tertiles 
of the DPscore using ANCOVA for continuous and X
2 for categorical characteristics. Adjustments 
were made for all linear associations: age (adjusted for sex, education, and acculturation); BMI 
and physical activity (adjusted for age, sex, and education); and cardiometabolic risk factors and 
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hemoglobin A1c (adjusted for sex, age, education, smoking, and energy). In addition, we 
examined how energy, macronutrient intake (% and total- adjusted for energy, age, sex and 
education), and mean food group intake associated with tertiles of the DPscore. Differences in 
sample characteristics across tertiles were considered significant at p < 0.05.  
 Changes in CMR factors (i.e. LDL, TAG, HDL, WC, SBP) were examined using paired 
Student’s t-tests, with a significance level of p < 0.05. These bivariate analyses included 
participants on antilipemic medications at Year 2 (n=67 with and n=38 without diabetes). 
Sensitivity analyses were conducted excluding these participants, to detect any differences. 
Linear regression models (ANCOVA) were built sequentially to estimate associations between 
the baseline dietary pattern and changes in each of the CMR factors, adjusting for potential 
confounders. For these models, we did not exclude individuals on anti-lipemic medication, but 
adjusted for its use. Model 1 included the DPscore variable + baseline CMR factor + time between 
visits. Model 2 added sociodemographic characteristics to Model 1 (i.e. age, sex, and poverty), 
and Model 3 added baseline acculturation, total energy and change in behavioral variables (i.e. 
physical activity, smoking, alcohol intake), change in medication use (anti-diabetic, anti-
hypertensive, anti-lipemic) and change in multivitamin use. For continuous variables, change 
was defined quantitatively as a subtraction, and for categorical (0,1) variables, change was 
defined as a shift in category. In the WC models, we also considered BMI change and an 
interaction term with the DPscore. The BMI*diet score interaction term was significant and 
therefore kept in the final model. All analyses were conducted using SAS v.9.3.35 
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Results 
Population characteristics by diabetes status 
There were significant sociodemographic and clinical differences among participants 
with and without diabetes (Table 3.1). Participants with diabetes were older, had higher BMI, 
hemoglobin A1c, percent protein intake, triglycerides, WC and SBP, than participants without 
diabetes (p < 0.05); whereas those without diabetes had higher physical activity score, self-
reported alcohol intake, HDL and LDL than those with diabetes (p < 0.05). The prevalence of 
medication use (i.e. anti-hypertensive, and anti-diabetes) and of heart disease was higher among 
participants with diabetes (p < 0.05).  
Participants excluded from the study (n=719) tended to be less healthy than study 
participants, with higher prevalence of self-reported cardiovascular disease, use of medications, 
higher TAG, WC, SBP, BMI, HbA1c and lower physical activity score (n=707) (Supplemental 
Table 3.2). There were no differences in sex or poverty status between those excluded and study 
participants, or in self-reported liver, gallbladder, or kidney disease. Excluded individuals had 
lower total energy intake, with higher % protein intake and lower % fat intake compared to study 
participants. Percent carbohydrate intake appeared to be higher for excluded individuals, but the 
difference (52.4 ± 9.1 vs. 51.6 ± 7.8) was of borderline significance (p = 0.07). Finally, those 
excluded had lower LDL concentration, along with proportionally higher use of medications and 
vitamin supplements.  
Simplified DPscore for participants with diabetes.   
A total of 13 food groups had a factor loading with absolute value > 0.2 in the first 
pattern score derived for participants with diabetes (Table 3.2). In total, the thirteen food groups 
explained 64% of the food pattern score variation. Intakes of reduced fat dairy, nuts/seeds, 
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starchy vegetables, soups, and hot cereal were lower and intakes of pizza/Mexican food, 
vegetables, diet soft drinks/soda, sweetened beverages, meat, white bread, other grains/pasta, and 
processed meat were higher with higher DPscore. The food pattern score explained variation in 
WC (12.7%), LDL (3.7%), SBP (2.8%) and HDL (2.6%). The simplified score was significantly 
correlated with the full RRR score (Pearson Correlation coefficient = 0.73, p < 0.0001). A list of 
food groups that formed the first RRR food pattern score is in (Supplemental Table 3.1). 
To further explore the unexpected positive association detected between vegetables and 
the DPscore, we examined the mean intake for each component of the food group (i.e. dark-green 
leafy vegetables, orange vegetables, tomatoes/tomato products, and other vegetables) and the 
mean percent energy contributed by each component. The highest mean intake was reported for 
“other vegetables” (34.7 g/day) and “tomatoes/tomato products” (13 g/day), with the smallest 
mean intake for “orange” (7 g/day) and “dark green leafy vegetables” (6.5 g/day). Among the 
“other vegetables” category, food items include: iceberg lettuce, string beans, corn, cauliflower, 
coleslaw with mayo, cabbage, beets, asparagus, mushrooms, eggplant, onions, summer squash, 
okra, cucumber, celery, radish, pepper, avocado/guacamole, olives. As a food group, vegetables 
contributed a mean of only 3% (SD=1.4) energy to the study population’s dietary intake, and 
those classified as “other vegetables” contributed a mean 1.5% (SD=0.8) energy. Mean intake of 
dark green leafy vegetables was higher among women compared to men (7.4 g/day vs. 4 g/day, 
p=0.01). When examining mean food group intake across tertiles of the DPscore, we found that all 
food groups had significant associations with the DPscore except for the vegetable food group 
(Supplemental Table 3.3). Significant associations between mean food group intake and age 
groups were found for the pizza/Mexican, meat and other grains/pasta food groups (positive), 
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and hot cereal (negative) (Supplemental Table 3.4a). Mean vegetable intake did not vary across 
age group. 
Simplified DPscore for participants without diabetes.  
A total of 11 food groups were identified with a factor loading with absolute value > 0.2 
in the first pattern score derived (Table 3.2).  These eleven food groups explained 52% of the 
food pattern score variation. Intakes of pizza/Mexican food, meat, white bread, solid fats, sweet 
baked goods, processed meat, and rice were higher and intakes of nuts/seeds, hot cereal, poultry 
and water were lower with a lower DPscore. The food pattern explained variation in HDL 
(12.1%), WC (2.4%), and LDL 1.6%). The simplified score was significantly correlated with the 
full RRR score (Pearson correlation coefficient = 0.66, p < 0.0001). When examining mean food 
group intake across tertiles of the DPscore, all food groups had significant associations with the 
DPscore (Supplemental Table 3.3). Significant associations between mean food group intake and 
age groups were found for the pizza/Mexican and meat (positive), and hot cereal (negative) food 
groups (Supplemental Table 3.5b).  
Population characteristics by tertiles of the DPscore and diabetes status 
Results are reported across tertiles of the simplified DPscore (Table 3.3). Among 
participants with diabetes, the DPscore was highest in those of younger age, men, and those with 
higher BMI. Participants with the highest intake of total energy, total protein, total fat and % fat 
were in the highest tertile of the simplified DPscore. In contrast, those with higher % carbohydrate 
intake were in the lowest tertile of the DPscore. Further, higher WC was significantly associated 
with the highest tertile of the DPscore (p=0.002), and there was a borderline significant increasing 
trend (p=0.08) for SBP, after adjusting for potential confounders.     
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Among participants without diabetes, those who were younger, men, and currently 
smoking, were more likely to be in the highest tertile of the DPscore. Similarly, participants who 
had higher intake of total energy, total protein, total fat and % fat were more likely to be in the 
highest tertile of the DPscore. As % intake from fat increased across tertiles, % carbohydrate 
intake decreased. The significant association seen for % protein was equivocal, with high intakes 
at the 1st and 3rd tertile but low in 2nd tertile. Lower HDL was significantly associated with higher 
tertile of the DPscore (p < 0.01). There were borderline significant associations for waist 
circumference (p=0.07), with higher values associated with higher DPscore, and for use of 
hypertension medication (p=0.06), with lower use associated with higher DPscore. 
Association of the dietary pattern with change in CMR factors at Year 2  
Significant changes in CVD risk factors were seen from baseline to Year 2 (Table 3.4). 
For participants with T2D there was a significant mean decrease in LDL of -4.44 (95% Cl -8.35, 
-0.54) and increase in WC of 1.01 (95% Cl 1.00, 1.02). For those without T2D there were mean 
increases in HDL cholesterol 1.03 (95% Cl 1.01, 1.05) and WC 1.03 (95% Cl 1.02, 1.04). In 
sensitivity analyses, exclusion of participants taking anti-lipemic medication reversed the 
direction of the association for LDL [4.15 (95% Cl 0.40, 7.90)] for T2D participants, and was 
statistically higher for those without T2D [3.25 (95% Cl 0.44, 6.06)] (data not shown). We 
assessed whether the baseline DPscore was associated with changes in Year 2 CMR factors used in 
the RRR, adjusting for potential confounders for both subgroups. No significant associations 
between the DPscore and change in CMR factors was found for either of the subpopulations 
(Tables 3.5a-3.5b).   
44 
Discussion   
To our knowledge, this study is the first to identify dietary patterns associated with 
cardiometabolic risk using RRR for a subpopulation of Hispanics at high risk of CVD. We 
derived DPscores for PRs with and without T2D that represent how closely a participant’s diet 
conforms to a dietary pattern in relation to multiple outcome measures: HDL, LDL, TAG, WC 
and SBP. For PRs with T2D we identified a dietary pattern high in pizza/Mexican foods, 
vegetables, diet soft drinks/soda, sweetened beverages, meat, processed meat, white bread, and 
other grains/pasta; and low in reduced fat dairy, starchy vegetables, soups, hot cereal, and 
nuts/seeds. For PRs without T2D we identified a pattern high in pizza/Mexican foods, meat, 
processed meat, white bread, solid fats, sweet baked goods, and rice; and low in poultry, hot 
cereal, nuts/seeds and water. While six food groups (pizza/Mexican foods, meat, white bread, 
and processed meat (positively) and nuts/seeds and hot cereal (negatively)) were associated with 
cardiometabolic risk in both subgroups of PRs, we found other food groups to be uniquely 
associated with CVD risk based on T2D status. Our findings help us better understand how diet 
may be driving poor diabetes control for PRs and identify specific food groups for CVD 
prevention for both subgroups.    
Differences found in food groups associated with cardiometabolic risk by diabetes status, 
suggest possible dietary modifications among those with T2D as reported in a previous study 
examining carbohydrate intake for this cohort.36 In this study, an unexpected positive association 
between vegetables and the DPscore was found for participants with T2D. Given the cross-
sectional nature of the RRR analysis, we are unable to determine if this association is due to 
reverse causality related to self-reported improvements in diet that may not yet be reflected in 
cardiometabolic risk measures. However, we noted that vegetable intake was characterized by a 
higher mean intake of “other vegetables” such as iceberg lettuce, corn, and onions, and not of 
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healthier dark green leafy or orange vegetables, suggesting the overall reported intake may not 
be sufficient to reduce cardiometabolic risk. Supporting our finding, a previous analysis with the 
same data set showed that variety of fruit and vegetable intake was more important than total 
amount in predicting inflammation in this population.37   
A multiethnic cohort study using RRR identified a dietary pattern (in association with 
CMR factors) characterized by higher intakes of less healthful foods (low fiber bread and cereal, 
red and processed meat, tomato foods, sweetened beverages) and lower intakes of more healthful 
foods (wine, rice and pasta, poultry).34 This study, however, excluded participants with T2D 
limiting our ability to understand what specific food groups contribute to CVD risk by T2D 
status, or how these varied by ethnicity. Among PRs with T2D we found that SBP (of borderline 
significance) and WC increased across tertiles of the DPscore, similar to associations observed 
between the “meat and French fries pattern” with higher blood pressure and WC reported by 
Noel et al. for the entire cohort (using PCA).10 Further, the associations observed between the 
“traditional” and “sweets pattern” with lower HDL and higher WC10 were supported in our study 
for PRs without diabetes (WC increases across tertiles of the DPscore, of borderline significance). 
While we found similarities with the latter study, by excluding participants taking anti-lipemic 
medication and using RRR we were able to better identify the specific food groups associated 
with cardiometabolic risk, independently by T2D status. 
Among these relatively older adults, younger age and male sex was associated with 
higher DPscore for both subgroups. Younger age was previously associated with higher 
acculturation for this cohort,38 however we adjusted for sex, education and acculturation and the 
association of age with DPscore was still significant. These associations were also observed in a 
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systematic assessment of dietary patterns in 187 countries where, on average, better diets were 
seen in older adults compared with younger adults, and in women compared with men.39 
Interestingly, for both subgroups, protein (total) and fat intake (% and total) increased 
across tertiles of the DPscore, whereas carbohydrate intake decreased. When examining food 
groups by tertile of DPscore (Supplemental Table 3.3), however, it is evident that intake of food 
groups with poor carbohydrate quality (e.g. white bread, sweet baked goods) was positively 
associated with the DPscore; and that intake of higher quality carbohydrate food groups (e.g. 
starchy vegetables, hot cereal) was negatively associated with the DPscore. We therefore conclude 
that there was confounding of the associations between macronutrients and DPscore by quality of 
the macronutrients. This supports an overall consensus in the literature that states that CVD 
prevention should focus on reducing refined carbohydrates and improving fat quality intake 
rather than advocating for overall low-carbohydrate diets, as these may result in higher mortality 
over the long term.40-44  
Further, no significant associations were found between the baseline DPscore and change 
in CMR factors for either of the subgroups. It is possible that changes associated to diet may not 
be detected over 2 years in this population, and that other factors that increase CVD risk (i.e. 
menopause or diabetes duration)45 may play a larger role in the changes observed. Also, 
exclusion of participants on anti-lipemic medication may result in a population that is less 
sensitive to the impact of dietary intake on CMR factors. We know of no epidemiologic studies 
that examine associations between RRR dietary patterns and change in CMR for the 
Hispanic/Latino population. An earlier BPRHS study reported improvements in CMR factors in 
association with a “healthy” baseline Mediterranean diet score over 2-years.46 While that study 
explored how adherence to dietary recommendations may improve markers of disease, our aim 
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was to understand how disease-related dietary patterns associate with changes in CMR factors. 
Given that the RRR-DPscore describes what is actually consumed in this population, relative to the 
outcomes of interest, there is no reason to expect change in the absence of an intervention. 
Further, in our study a lower DPscore may not reflect enough of a healthier pattern to impact on 
outcomes over 2 years. 
A strength of this study is that it enhances previous research by using a RRR 
methodology to identify dietary patterns that are associated with measures of CVD risk. In 
contrast to PCA and factor analysis, RRR does not describe naturally occurring patterns of the 
population under study but identifies patterns that better explain variation in biologically 
important risk factors.47 Additionally, we derived dietary patterns independently for PRs with 
and without T2D to elucidate important differences in dietary intake and CVD risk among 
subgroups. A conservative sampling strategy was used by excluding individuals taking anti-
lipemic medication, given its known effect on lipid measures. This approach improved our 
ability to understand how diet may relate to lipidemic factors. Further the use of a validated FFQ 
for this population is a strength of all studies using BPRHS data. Finally, we show how food 
intake was associated with cardiometabolic risk for participants not taking anti-lipemic 
medication—an earlier stage for the prevention of CVD. 
This study has limitations. As in all studies using FFQ, recall bias may differentially 
affect reporting between those at high-risk and those at low-risk of CVD.48 Also, RRR does not 
allow for adjustment of confounding variables, however we adjusted for these when examining 
associations between tertiles of the DPscore and participants characteristics. We were unable to 
detect important differences in CMR and dietary behaviors by diabetes duration or menopausal 
status. Nonetheless, we showed that older age was associated with a lower DPscore (healthier) 
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which may be associated with better diabetes control, as seen in other studies that report better 
control with older age (adjusting for diabetes duration).49,50 Finally, findings are primarily 
generalizable to PRs with low acculturation living in the US mainland.  
In conclusion, this study identified culturally relevant foods associated with CVD risk for 
PRs with and without T2D. Further, this study helps address a gap in research regarding dietary 
behaviors that contribute to poor diabetes control in this population albeit being highly 
medicated. A baseline DPscore was not associated with changes in individual CMR factors over 2 
years. Future research is needed to explore how these dietary patterns associate with concomitant 
changes in multiple CMR factors over a longer term follow up. Further, understanding how 
menopausal status (pre- or post-) impacts these associations is necessary. Our findings contribute 
to global disease prevention efforts by identifying specific targets for dietary interventions that 
help reduce health disparities for disadvantaged populations. 
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Table 3.1. Population characteristics of Puerto Rican adults by diabetes statusa 
Characteristics Diabetes (n=262)b No Diabetes  (n=441)b P 
Age (years) 57.9 (7.4) 54.3 (6.8) <0.0001 
BMI (kg/m2) 32.7 (6.3) 30.2 (6.2) <0.0001 
Hemoglobin A1C (%) 7.6 (1.2) 5.8 (1.1) <0.0001 
Physical activity  31.3 (1.1) 32 (1.2) 0.06 
Energy intake (kcal) 2205 (875) 2274 (907) 0.32 
Total Protein (g) 85 (1.5) 85.7 (1.5) 0.79 
% Protein 17.1 (3.2) 16.4 (2.9) 0.003 
Total Carbohydrates (g) 257 (1.6) 267 (1.5) 0.20 
% Carbohydrate 51 (8) 51.5 (7.6) 0.44 
Total Fat (g) 70.4 (1.6) 71.3 (1.6) 0.74 
% Fat 31.6 (5.1) 31 (5) 0.13 
Sex      
Female 70 72 0.61 
Male 30 28  
Education    
Less than 8th grade education 45 40 0.36 
High school or GED 39 42  
University 15 18  
Below poverty level 58 57 0.84 
Current cigarette smoker 25 32 0.06 
Alcohol use    
Within the past year  41 52 <0.004 
Never or not within the past year 59 48  
Acculturationc    
High acculturation  19 22 0.30 
Low acculturation 81 78  
Medical conditions    
Heart attack  5 4 0.38 
Heart disease  12 7 0.02 
Stroke  2 1 0.25 
Liver or gallbladder disease  16 16 0.92 
Kidney disease  10 12 0.36 
Medication and vitamin use    
Diabetes medication 46 0 <0.0001 
Hypertension medication 61 27 <0.0001 
Multivitamin use 26 27 0.80 
Cardiometabolic risk factorsd    
HDL (mg/dL) 43.8 (11.1) 47.2 (13.5) 0.0005 
Triglycerides (mg/dL)e 136 (1.6) 127 (1.6) 0.05 
LDL (mg/dL) 110 (33) 116 (31.1) 0.02 
Waist (cm) 104 (13.4) 97.2 (13.6) <0.0001 
SBP (mmHg)e 138 (1.1) 130 (1.1) <0.0001 
aMean (SD) for continuous variables using Student’s T-test, p<0.05 and percent for categorical variables using Pearson chi-square 
test, p<0.05. bSample sizes fluctuate for each analysis around the reported value (~n) due to missing data for some characteristics. 
cHigh acculturation is defined as a score > 50 and Low acculturation is defined as a score < 50. dBMI=Body mass index, 
HDL=High density lipoprotein cholesterol, LDL=Low density lipoprotein cholesterol, Waist=Waist circumference, SBP=Systolic 
blood pressure. eLog-transformed variables. 
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Table 3.2. Food groups strongly associated with the food pattern score and score characteristics 
for participants with and without diabetes.a,b 
 Score characteristics 








Explained variation in 
scoree (%) 
Reduced fat dairy  -0.25 7 - - 
Pizza/Mexican   0.22 4  0.32 5 
Nuts and seeds  -0.34 9 -0.32 4 
Vegetables   0.22 7 - - 
Starchy vegetables -0.22 6   
Diet soft drinks/soda   0.21 4 - - 
Sweetened beverages  0.20 4   
Soups  -0.22 3 - - 
Meat  0.27 4  0.22 4 
Hot cereal -0.26 3 -0.22 1 
White bread  0.22 7  0.45 14 
Other grains or pasta  0.21 3   
Solid fats  - -  0.31 8 
Sweet baked goods  - -  0.25 6 
Processed meat   0.23 3  0.24 4 
Rice  - -  0.22 4 
Poultry  - - -0.20 2 
Water - - -0.21 0 
Total  64  52 
aAnalyses were conducted excluding participants taking anti-lipemic medications, and excluding the alcohol food 
group from the model. bTriglycerides and systolic blood pressure were log-transformed for the RRR analysis. cA 
total of 36 food groups adjusted for total energy intake were included in our analysis. Food groups which loaded 
high (factor loadings≥0.20) in the first RRR derived dietary pattern are presented here. dFactor loadings are directly 
obtained from RRR analysis. eExplained variation is obtained from multiple linear regression of food groups on 






Table 3.3. Population characteristics and nutrient intakes by tertiles of the simplified dietary pattern score and diabetes status, adjusted 
for potential confounders.a-e 
 Tertiles of the dietary pattern score  

















Age (years)f 60 (0.7) 57.7 (0.7) 55.9 (0.7) 0.001 56.3 (0.5) 54 (0.5) 52.6 (0.5) <0.0001 
BMI (kg/m2)g 30.8 (1.0) 32.2 (1.0) 33.5 (1.0) 0.01 30 (1.0) 29.6 (1.0) 29.3 (1.0) 0.61 
Hemoglobin A1C (%) 7.8 (1.0) 7.6 (1.0) 7.6 (1.0) 0.45 5.8 (1.0) 5.8 (1.0) 5.7 (1.0) 0.79 
Physical activity 32 (1.0) 31.2 (1.0) 30.7 (1.0) 0.19 31.7 (1.0) 32.4 (1.0) 31.8 (1.0) 0.24 
Energy intake (kcal)h 2081 (92.7) 2148 (89.7) 2388 (93) 0.06 1932 (72.3) 2431 (72.3) 2460 (72.3) <0.0001 
Total Protein (g) 75.3 (1.0) 84.3 (1.0) 99.4 (1.0) 0.03 76.4 (1.0) 87 (1.0) 92.3 (1.0) 0.003 
% Protein 16.8 (0.4) 17.1 (0.3) 17.5 (0.4) 0.41 17.4 (0.2) 15.7 (0.2) 16.2 (0.2) <0.0001 
Total Carbohydrates (g) 241 (1.0) 253 (1.0) 277 (1.0) 0.20 232 (1.0) 291 (1.0) 283 (1.0) 0.14 
% Carbohydrate 53.3 (0.8) 51 (0.8) 48.8 (0.8) 0.01 52.7 (0.6) 52.3 (0.6) 49.5 (0.6) 0.02 
Total Fat (g) 59.2 (1.0) 70.1 (1.0) 84.2 (1.0) 0.0002 58 (1.0) 75.3 (1.0) 82.9 (1.0) <0.0001 
% Fat 29.7 (0.5) 31.8 (0.5) 33.2 (0.5) 0.004 29.7 (0.4) 30.6 (0.4) 32.7 (0.4) <0.0001 
Sex  (% female) 77 73 60 0.04 90 69 56 <0.0001 
Education         
Less than 8th grade education 48 44 45 0.97 42 43 37 0.15 
High school or GEDi 37 42 39  37 39 50  
University 15 14 16  22 18 14  
Below poverty level 60 53 62 0.48 57 55 60 0.72 
Current cigarette smoker 23 30 23 0.51 24 32 39 0.03 
Alcohol use         
Within the past year 39 38 46 0.48 56 47 52 0.26 
Never/not within the past year 61 62 54  44 53 48  
Season         
Winter 18 17 22 0.73 24 19 20 0.83 






 Tertiles of the dietary pattern score  

















Summer 33 30 38  24 31 32  
Fall 25 31 24  28 27 27  
Acculturationj         
High acculturation  17 16 23 0.44 27 20 19 0.15 
Low acculturation  83 84 77  80 80 73  
Medical conditions         
Heart attack  6 6 3 0.72 1 4 5 0.16 
Heart disease  10 11 14 0.77 5 5 10 0.20 
Stroke  3 2 0 0.24 1 0 1 0.36 
Liver or gallbladder disease  20 15 14 0.54 16 16 16 0.99 
Kidney disease  4 10 14 0.11 8 11 16 0.09 
Medication and vitamin use         
Diabetes medication 42 51 44 0.46 0 0 0  
Hypertension medication 62 61 59 0.89 33 28 21 0.06 
Multivitamin use 25 27 26 0.96 32 24 25 0.28 
Cardiometabolic risk factorsk         
HDL (mg/dL) 45.7 (1.2) 43.8 (1.2) 41.9 (1.2) 0.35 50.8 (1.1) 47.0 (1.1) 43.9 (1.1) 0.01 
Triglycerides (mg/dL) 133 (1.0) 129 (1.0) 147 (1.0) 0.26 128 (1.0) 126 (1.0) 127 (1.0) 0.99 
LDL (mg/dL) 113 (3.5) 107 (3.5) 109 (3.5) 0.55 119 (2.6) 117 (2.5) 111 (2.6) 0.41 
Waist (cm) 99.4 (1.4) 104 (1.4) 108 (1.4) 0.003 96.5 (1.1) 96.2 (1.1) 98.8 (1.1) 0.07 
SBP (mmHg) 135 (1.0) 138 (1.0) 140 (1.0) 0.08 130 (1.0) 132 (1.0) 128 (1.0) 0.16 
aMean (SE) for continuous variables using Anova test, p<0.05 and percent for categorical variables using Pearson chi-square test, p<0.05. bSample sizes for each analysis fluctuate 
around the reported value (~n) due to missing data for some covariates. cAnalysis were conducted excluding subjects taking antilipemic medications. dLog-transformed variables 
include: BMI, Total protein, Total carbohydrate, Total fat, Triglycerides, SBP, Hemoglobin A1C, and Physical activity.  eAdjusted for age, sex, education, smoking and energy. 
fAdjusted for sex, education, and acculturation. gBMI=Body mass index. hAdjusted for age, education, smoking, and sex. iGED = Graduate education development certificate. 
jHigh acculturation is defined as a score > 50 and Low acculturation is defined as a score of < 50. kTo convert HDL cholesterol or LDL cholesterol to mmol/L, multiply values by 
0.0259. To convert TAGs to mmol/L, multiply values by 0.0113. HDL=High density lipoprotein cholesterol, LDL=Low density lipoprotein cholesterol, Waist=Waist 






Table 3.4. Mean changes in concentration levels of cardiometabolic risk factors from baseline to Year 2 of follow up, for participants 
with and without diabetes.a,b  
                           Diabetes (n=226)            No diabetes (n=371) 
Cardiometabolic risk factorsc Mean, (CLd) P (Mean, CLc) P 
HDL cholesterol (mg/dL)e 1.02 (0.99, 1.04) 0.15  1.03 (1.01, 1.05)   0.002 
LDL cholesterol (mg/dL) -4.44 (-8.35, -0.54) 0.03   0.05 (-2.73, 2.83) 0.97 
Triglycerides (mg/dL)e 0.98 (0.93, 1.04) 0.49  0.99 (0.95, 1.03) 0.52  
Waist (cm)e 1.01 (1.00, 1.02) 0.01  1.03 (1.02, 1.04)   <0.0001 
Systolic BP (mm/hg)e 1.00 (0.98, 1.02) 0.81           1.01 (1.0, 1.02) 0.20 
BMI (kg/m2) -0.28 (-0.59, 0.03) 0.07   0.07 (-0.20, 0.33) 0.63 
aMean (CL) for continuous variables using Student’s T-test, p<0.05. bSample size fluctuates around the reported value (~n) due to missing data for some factors. c HDL = High 
density lipo-protein, LDL= Low density lipoprotein, Waist = Waist circumference, SBP = Systolic blood pressure, BMI = Body mass index. To convert HDL cholesterol or LDL 
cholesterol to mmol/L, multiply values by 0.0259. To convert TAGs to mmol/L, multiply values by 0.0113. dCL = 95% confidence limits. eLog transformed variables include: 






Table 3.5a. Linear regression analysis β coefficients (and SEs) for the association of baseline dietary pattern predicting change in 2-
year cardiometabolic risk factors among PRs with diabetes (n = 207).a-c  




TAGsf, (mg/dL) Waistg, (cm) Systolic BPh, (mm/hg) 
Adjusted 
models 
β ± SE P β ± SE P β ± SE P β ± SE P β ± SE P 
Model 1i -0.001 ± 0.003 
 
0.60 -0.71 ± 0.47 0.13 -0.003 ± 0.006  0.63 0.0005 ± 0.001 
 
0.70 -0.0004 ± 0.002 
 
0.84 
Model 2j -0.001 ± 0.003 
 
0.63 -0.84 ± 0.50  0.09 -0.003 ± 0.006 
 
0.68 0.00002 ± 0.001 
 
0.99 -0.0009 ± 0.002 
 
0.67 
Model 3k,l -0.002 ± 0.003  0.50 -0.70 ± 0.49 0.15 -0.001 ± 0.006  0.92 -0.09 ± 0.13 0.50 -0.002 ± 0.002 0.45 
aβ coefficients ± SE were calculated using general linear models adjusted for energy, SE = standard error. bTo convert HDL cholesterol or LDL cholesterol to mmol/L, multiply 
values by 0.0259. To convert TAGs to mmol/L, multiply values by 0.0113.  cSample size fluctuates around the reported value (~n) due to missing data for some factors. dHDL = 
High density lipoprotein (log transformed). eLDL= Low density lipoprotein. fTAGs = Triglycerides (log transformed). gWaist = Waist circumference (log transformed). hBP=blood 
pressure (log transformed). iAdjusted for time between visits (months). jAdjusted for time between visits (months), age, sex and poverty income. kAdjusted for time between visit 
(months), age, sex, poverty, ever used hypertension medications, diabetes medication, antilipemic medication or multivitamins; ever smoked, ever intake of alcohol; change in 
physical activity score, baseline acculturation. lAdditional adjustment was performed in the Waist models for change in Body Mass Index (BMI) and an interaction term between 






Table 3.5b. Linear regression analysis β coefficients (and SEs) for the association of baseline dietary pattern predicting change in 2-
year cardiometabolic risk factors among PRs without diabetes (n =372).a-c  




TAGsf, (mg/dL) Waistg, (cm) Systolic BPh, (mm/hg) 
Adjusted 
models 
β ± SE P β ± SE P β ± SE P β ± SE P β ± SE P 
Model 1i -0.003 ± 0.002 0.12 0.17 ± 0.32 0.59 -0.004 ± 0.004 0.41 0.001 ± 0.001  0.29 -0.0007 ± 0.001  0.58 
 
Model 2j -0.003 ± 0.002  0.23 0.20 ± 0.35 0.57 -0.002 ± 0.005  0.64 0.001 ± 0.001  0.38 -0.0008 ± 0.001  0.60 
 
Model 3k,l -0.001 ± 0.003 0.59 0.06 ± 0.36 0.87 -0.004 ± 0.005 0.48 0.01 ± 0.10 0.92 -0.0002 ± 0.002 0.88 
aβ coefficients ± SE were calculated using general linear models adjusted for energy, SE = standard error. bTo convert HDL cholesterol or LDL cholesterol to mmol/L, multiply 
values by 0.0259. To convert TAGs to mmol/L, multiply values by 0.0113.  cSample size fluctuates around the reported value (~n) due to missing data for some factors. dHDL = 
High density lipoprotein (log transformed). eLDL= Low density lipoprotein. fTAGs = Triglycerides (log transformed). gWaist = Waist circumference (log transformed). hBP=blood 
pressure (log transformed). iAdjusted for time between visits (months). jAdjusted for time between visits (months), age, sex and poverty income. kAdjusted for time between visit 
(months), age, sex, poverty, ever used hypertension medications, diabetes medication, antilipemic medication or multivitamins; ever smoked, ever intake of alcohol; change in 
physical activity score, baseline acculturation. lAdditional adjustment was performed in the Waist models for change in Body Mass Index (BMI) and an interaction term between 
change in BMI and dietary pattern score.  
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Supplemental Table 3.1. Factor loadings for all food groups of the dietary pattern score for 
subjects with and without diabetes.a-d   
Diabetes (n=262) Non-diabetes (n=441) 
Food group Factor loading Food group Factor loading 
High fat dairy 0.14 High fat dairy 0.005 
Reduced fat dairy -0.25 Reduced fat dairy 0.19 
Dairy desserts  -0.17 Dairy desserts  0.02 
Solid fats 0.11 Solid fats -0.31 
Oils -0.16 Oils -0.09 
Sweetened beverages 0.20 Sweetened beverages 0.05 
Vegetables 0.22 Vegetables 0.07 
Potatoes 0.14 Potatoes -0.01 
French fries -0.05 French fries 0.14 
Starchy vegetables -0.22 Starchy vegetables 0.20 
Beans and legumes -0.02 Beans and legumes -0.22 
Eggs 0.05 Eggs -0.24 
Poultry -0.02 Poultry 0.08 
Meat 0.27 Meat -0.22 
Processed meat  0.23 Processed meat  -0.07 
Fish -0.03 Fish -0.25 
Rice -0.11 Rice 0.01 
Other grains/pasta 0.21 Other grains/pasta 0.22 
Sweet baked goods -0.05 Sweet baked goods -0.45 
Cold cereal -0.13 Cold cereal 0.07 
Hot cereal -0.26 Hot cereal -0.32 
White bread 0.22 White bread 0.32 
Whole wheat bread 0.17 Whole wheat bread -0.04 
Pizza/Mexican  0.23 Pizza/Mexican  -0.06 
Nuts and seeds   -0.34 Nuts and seeds   -0.07 
Salty snacks -0.07 Salty snacks -0.02 
Candy/sugar/chocolate -0.14 Candy/sugar/chocolate -0.06 
Tea/Coffee 0.06 Tea/Coffee -0.06 
Soups -0.22 Soups -0.07 
Miscellaneous condiments 0.16 Miscellaneous condiments -0.13 
Fruits -0.09 Fruits -0.02 
Fruit juices -0.09 Fruit juices 0.005 
Diet soft drinks/soda 0.21 Diet soft drinks/soda -0.14 
Soft drinks/soda 0.07 Soft drinks/soda -0.03 
Supplements 0.12 Supplements -0.05 
Water 0.0002 Water 0.21 
aA total of 36 food groups adjusted for total energy intake were included in our analysis.  bFactor loadings are 
directly obtained from RRR analysis. cAnalysis were conducted excluding subjects taking antilipemic medications, 
and excluding the alcohol food group from the model. dTriglycerides and Systolic blood pressure were log-
transformed in the model. 
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Supplemental Table 3.2. Population characteristics among subjects excluded and study 
participants.a,b 





Age (years) 58.7 (7.7) 55.6 (7.2) <0.0001 
BMIc (kg/m2) 32.7 (6.9) 31.2 (6.3) <0.0001 
Hemoglobin A1C (%) 7.3 (1.3) 6.4 (1.2) <0.0001 
Physical activity  30.5 (1.1) 31.8 (1.2) <0.0001 
Energy intake (kcal) 2007 (883) 2228 (882) <0.0001 
Total Protein (g) 76.5 (1.6) 84.9 (1.5) <0.0001 
% Protein 17.1 (3.4) 16.8 (3.0) 0.05 
Total Carbohydrates (g) 236 (1.6) 262 (1.5) <0.0001 
% Carbohydrate 52.4 (9.1) 51.6 (7.8) 0.07 
Total Fat (g) 60.3 (1.7) 70.5 (1.6) <0.0001 
% Fat 30.3 (5.7) 31.2 (5.0) 0.001 
Sex (% female) 73 71 0.50 
Education    
Less than 8th grade education 51 42 0.003 
High school or GEDd 34 41  
University 14 17  
Below poverty level 60 57 0.34 
Current cigarette smoker 19 29 <0.0001 
Alcohol use    
Within the past year  39 47 0.002 
Never or not within the past year 61 53  
Acculturatione    
High acculturation  17 21 0.03 
Low acculturation 83 79  
Medical conditions    
Heart attack  12 4 <0.0001 
Heart disease  17 9 <0.0001 
Stroke  6 1 <0.0001 
Liver or gallbladder disease  16 17 0.83 
Kidney disease  13 11 0.40 
Medication and vitamin use    
Diabetes medication 48 17 <0.0001 
Antilipemic medication 41 0  <0.0001 
Hypertension medication 69 40 <0.0001 
Multivitamin use 34 26 0.0007 
Cardiometabolic risk factors    
HDL (mg/dL)f 44.4 (12.3) 45.7 (12.6) 0.05 
Triglycerides (mg/dL)g 152 (1.7) 130 (1.6) <0.0001 
LDL (mg/dL)h 101 (36.8) 113 (31.8) <0.0001 
Waist (cm)i 104 (14.5) 99.7 (13.9) <0.0001 
SBP (mmHg)g.j 135 (1.2) 132 (1.2) 0.01 
aMean (SD) for continuous variables using Student’s T-test, p<0.05 and percent for categorical variables using 
Pearson chi-square test, p<0.05. bSample sizes for each analysis fluctuate around the reported value (~n) due to 
missing data for some covariates. cBMI = body mass index. dGED = Graduate education development certificate. 
eHigh acculturation = score > 50 and low acculturation = score < 50. fHDL = High density lipoprotein cholesterol. 
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gLog-transformed variables. hLDL= low density lipoprotein cholesterol. iWaist = waist circumference. jSBP = 






Supplementary Table 3.3. Mean intake of food groups (g/day) by tertiles of the simplified dietary pattern score and diabetes  
status.a,b 
 Diabetes (Mean, SEc) No diabetes (Mean, SEc) 
Food groupsd 1 (n=87) 2 (n=88) 3 (n=87) P  1 (n=147) 2 (n=147) 3 (n=147) P 
Reduced fat dairy 128 (8.6) 54.1 (8.6) 36.2 (8.6) <0.0001  -- -- --  
Pizza/Mexican 4 (1) 5.6 (1) 12.7 (1) <0.0001  4.4 (0.7) 7.2 (0.7) 11.2 (0.7) <0.0001 
Nuts and seeds 3 (0.4) 1.5 (0.4) 0.8 (0.4) <0.0001  3 (0.2) 1.4 (0.2) 0.8 (0.2) <0.0001 
Vegetables 74.4 (3.7) 71.6 (3.7) 77.1 (3.7) 0.57  -- -- --  
Starchy vegetables 22.5 (1.4) 14.4 (1.4) 11.7 (1.4) <0.0001  -- -- --  
Diet Soft Drinks/Soda 15.1 (6.4) 15.1 (6.4) 42.7 (6.4) 0.002  -- -- --  
Sweetened beverages 39.1 (8.1) 61.1 (8) 78.7 (8.1) 0.003  -- -- --  
Soups 41.8 (3.7) 23.8 (3.6) 14.4 (3.6) <0.0001  -- -- --  
Meat 13 (1.8) 25 (1.8) 34.3 (1.8) <0.0001  17 (1.1) 23.9 (1.1) 31.7 (1.1) <0.0001 
Hot cereal 62.6 (4.6) 28.2 (4.6) 22.3 (4.6) <0.0001  42.6 (2.4) 22.5 (2.4) 12.3 (2.4) <0.0001 
White bread 13.6 (1.6) 20.9 (1.6) 23.6 (1.6) <0.0001  12.3 (1.2) 17 (1.2) 26.4 (1.2) <0.0001 
Other grains or pasta 6.8 (1) 9.2 (1) 14.7 (1) <0.0001  -- -- --  
Solid fats -- -- -- --  0.17 (0.03) 0.20 (0.03) 0.40 (0.03) <0.0001 
Sweet baked goods -- -- -- --  3.6 (0.6) 5.8 (0.6) 9.4 (0.6) <0.0001 
Processed meat 8.8 (1.3) 15 (1.3) 20.5 (1.3) <0.0001  8.9 (1.1) 13.3 (1.1) 20.8 (1.1) <0.0001 
Rice -- -- -- --  57.6 (2.8) 77 (2.8) 78.2 (2.8) <0.0001 
Poultry -- -- -- --  34.2 (1.3) 23.2 (1.3) 18.2 (1.3) <0.0001 
Water -- -- -- --  634.7 (27.3) 370.7 (27.3) 317.7 (27.3) <0.0001 
aMean (SE) intake using Anova test, p<0.05. bAnalysis were conducted excluding subjects taking antilipemic medications, and excluding the alcohol 






Supplementary Table 3.4a. Median intake by age groups for food groups with high factor loadings among participants with diabetes.a 
  Median intake (g/day) (SEb)  









Reduced fat dairy  Reduced fat milks, yogurt, cheese, cream 









Pizza/Mexican  Pizza, eggroll, dumpling, turnover, 
empanadas, tamale, enchiladas, 




3.3 (1.0) 0.04 
Nuts and seeds Nuts, soy, peanut butter, seeds. 0.5 (0.2) 0.5 (0.2) 0.6 (0.1) 0.4 (0.2) 0.84 
Vegetables  Dark green, orange, tomato, other, 









Starchy vegetables  Plantains, green bananas, cassava, 









Diet Soft Drinks/Soda Diet cola soft drinks or diet non-cola soft 
drinks, caffeinated/caffeine free. 0 (3.8) 0.0 (0) 0.0 (0.1) 0.0 (1.2) 0.99 
Sweetened beverages  Sports drinks, artificial juice drinks, 









Soups  Soups-broth or bouillon, chowders or 









Meat  Beef and lamb, organ meats, pork. 21 (1.2) 24.4 (2.2) 20.3 (1.7) 14.0 (2.3) <0.01 
Hot cereal  Grits, oatmeal, cream of wheat/farina, 









White bread  White bread, bagels, biscuit, cracked 
wheat breads, crouton or garlic bread, 
pancakes, waffles, french toast, white 
flour tortilla, other tortilla. 14.8 (1.0) 15.7 (1.6) 
 
 
14.7 (2.0) 13.4 (1.5) 0.56 
Other grains or pasta  Pastas, lasagna, lo mein-meatless, pasta 











Processed meat  
Turkey, roast beef, hot dogs, sausages, 
pork bacon, beef jerky, ham, smoked 













aMedian (SE) using quantile regression, p<0.05 calculated for the difference in median intake by age group. bSE = Standard error. cPasteles are a type of tamale 






Supplementary Table 3.4b. Median intake by age groups for food groups with high factor loadings among participants without diabetes.a 
  Median intake (g/day) (SEb)  




50-60 years  




Pizza/Mexican  Pizza, eggroll, dumpling, turnover, empanadas, 
tamale, enchiladas, quesadilla. 
 
5.3 (0.4) 6.6 (0.5) 3 (0.5) 3.6 (0.8) <0.01 
Nuts and seeds Nuts, soy, peanut butter, seeds. 0.6 (0.1) 0.5 (0.1) 0.5 (0.1) 0.6 (0.2) 0.96 
Meat  Beef and lamb, organ meats, pork. 22.8 (0.7) 24 (0.8) 20.8 (1.5) 15.9 (3.3) 0.02 












White bread  White bread, bagels, biscuit, cracked wheat breads, 
crouton or garlic bread, pancakes, waffles, french 
toast, white flour tortilla, other tortilla.  
 
 
14.7 (0.7) 15.2 (1.0) 13.4 (1.9) 12.7 (2.4) 0.51 
Solid fats  Margarine/shortening, butter, lard, salt pork, gravy. 0.1 (0) 0.1 (0) 0.1 (0) 0.1 (0) 0.39 
Sweet baked goods  Doughnuts, Danish, brownie, cookies, quick 
breads, muffins, cornbread, cake, sweet roll, pie, 
















Processed meat Turkey, roast beef, hot dogs, sausages, pork bacon, 
beef jerky, ham, smoked ham. 
 
10.3 (0.7) 11.1 (0.8) 9.3 (1.3) 5.9 (2.8) 0.14 
Rice  White, brown, Spanish rice, rice-a-roni, fried rice, 




65.4 (1.7) 66.3 (2.9) 61.9 (4.1) 66.4 (9.9) 0.67 
Poultry  Chicken sandwich, ground, pot pie, stew, Asian 
style, chicken and dumplings, roasted, fried, 
chicken or turkey salads. 
 
 
21.3 (0.8) 20.3 (0.8) 24.2 (1.8) 24.4 (3.7) 0.10 
Water Tap, bottled, spring, carbonated, mineral. 374 (17.1) 371 (23.4) 391 (51.3) 364 (56.6) 0.93 





Figure 3.1. Sample size flow gram showing exclusions made in this study. CMR = 
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PSYCHOSOCIAL FACTORS ASSOCIATED WITH A CVD-RISK DIETARY PATTERN 
AMONG PUERTO RICAN ADULTS WITH AND WITHOUT DIABETES, LIVING IN 
BOSTON, MASSACHUSETTS 
Introduction  
Cardiovascular disease (CVD) risk disproportionately affects Puerto Ricans (PR), the 
second-largest group of Hispanic/Latino origin living in the US. This rapidly growing population 
experiences high prevalence of diabetes (12.2% CI:10.0,14.9), comparable to that of African 
Americans (12.2% CI:11.3–13.1) and much higher than for non-Hispanic whites (8.1% CI:7.8 –
8.5) (1). These estimates vary by study and year, with one large national sample reporting 18% 
prevalence for PR, with women having the highest prevalence (19.5%) among all other Hispanic 
American subgroups (2). Moreover, this Hispanic subgroup has the highest likelihood of having 
> 3 risk factors for metabolic syndrome, an important CVD risk factor (3). In conjunction with 
these biological risk factors, the psychosocial dimension of health of PR may be associated with 
their CVD risk. It is known that the presence of CVD risk factors (e.g. diabetes) is associated 
with the development of anxiety or depression (4-7) which, in turn, are known to contribute to 
adverse events in multiple CVD conditions (8-10). Further, depression, anxiety or stress have 
been associated with higher incidence of CVD (11-17).  
In the Hispanic Community Health Study/Study of Latinos (HCHS/SOL), PR were 54% 
more likely to have high depressive symptoms than Mexican Americans and had higher 
prevalence of depression and anxiety than other Hispanics (18). These findings confirm the high 
prevalence of depression (19), stress (19, 20) and anxiety (21) reported in other studies. In 
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patients with both diabetes and depression, the prevalence of other CVD risk factors, such as 
smoking, obesity, sedentary lifestyle, and elevated hemoglobin A1c, have been shown as 
doubled (22, 23). Studies have shown that, within the general diabetes population, psychological 
stress increases risk of developing depression in the first 3 y after diagnosis (6). Disease-related 
stress is thought to induce the hypothalamic-pituitary adrenal axis to produce cortisol, which 
induces hepatic insulin resistance and decreased insulin secretion (24, 25). This may lead to 
higher risk of depression and anxiety disorders among people with diabetes, compared to the 
general population (4, 5). One study of Hispanics reported a monotonic increase in the odds ratio 
for depression with number of CVD risk factors, illustrating the bidirectionality of these 
associations (18). However, little is known about how psychosocial factors play a role in 
modifying CVD risk behaviors (e.g. diet and physical activity) for PRs.   
Greater CVD risk among PR has been associated with dietary intake high in low-quality 
carbohydrate foods, red and processed meats and sugar/sweets (26, 27). However, little is known 
about how psychosocial health may influence the ability to achieve sustained dietary changes or 
influence poor dietary choices for PR. Previous studies have found associations between self-
reported stress and markers of stress (i.e. cortisol, epinephrine, norepinephrine) with dietary 
intake in PR (20, 27). Specifically, cortisol was associated with higher intake of saturated fats 
and, for those with diabetes, higher intake of sweet foods (20). Stress was also associated with 
lower intake of high-quality foods (e.g. fruit, vegetables) and higher intake of unhealthy foods 
(e.g. salty snacks, sweets) (20). Interestingly, a traditional rice, beans and oil pattern was 
associated with lower odds of high norepinephrine (27). Associations between self-reported 
markers of psychosocial health with CVD risk-related dietary patterns have not been explored. 
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Other sociocultural factors may impact the disproportionate health risk of PR. The 
HCHS/SOL found that longer exposure to US culture was associated with higher depression and 
anxiety (18). This has been reported in other studies, supporting the role of acculturation in 
psychosocial health of Hispanics (28). The Boston Puerto Rican Health Study (BPRHS) reported 
higher intake of better-quality carbohydrate foods (except legumes) and more physical activity 
among PR with higher acculturation (29). Further, a traditional rice, bean and oil pattern was 
significantly associated with lower acculturation (26).  
If we wish to contribute to the development of programs and policies to improve health, 
the complex combinations of social, behavioral, psychological and biological processes that 
contribute to ill-health need to be clarified. We examined how psychosocial and sociocultural 
factors relate to CVD-risk-related dietary patterns, and how they differ by diabetes status. Our 
aim is to better understand how psychosocial factors play a role in the dietary behaviors of this 
population to later inform the development of culturally competent interventions. 
Methods 
Study design and population 
The BPRHS is a longitudinal cohort study (baseline 2004-2009) designed to examine the 
role of psychosocial stress on the presence and development of allostatic load (physiological 
dysregulation) and other health outcomes in PR—as well as to examine how these associations 
are modified by nutritional status (30). The study design and sampling have been reported 
previously (30). Briefly, participants were recruited using an enumerated door-to-door and 
community sampling approach. Eligible participants were self-identified as PR, age 45-75 y, 
with current residence in the Boston, MA metropolitan area, able to answer questions in English 
or Spanish, and had a Mini-mental State Examination score >10. A majority of participants 
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recruited were female (70%), and many had less than 8th grade education (48%), fell below the 
poverty level (59%) and reported chronic health conditions such as diabetes (40%) and 
hypertension (69%) (30). For this study, we identified PR with and without diabetes (n=1499), 
excluding participants with implausible dietary intake (n=72), implausible biological measures 
(n=7), missing data for diabetes diagnosis variables (n=34), taking anti-lipemic medications (n = 
581), missing cardiometabolic risk variables (n = 44), or missing dietary pattern score (n = 69). 
Final analyses were conducted using independent samples for participants with diabetes (n=262) 
and those without diabetes (n=441) (Figure 1). Study procedures were approved by the 
Institutional Review Board at Tufts Medical Center and Northeastern University. All participants 
provided written informed consent. 
Definition of diabetes  
This study defined diabetes as fasting plasma glucose ≥ 126 mg/dL, glycosylated 
hemoglobin ≥ 6.5%, or self-reported use of diabetes medication at baseline (with presentation of 
medication containers) (31). The vast majority of these cases were Type 2 diabetes as 90-95% of 
diabetes cases in the adult population are classified as Type 2, compared to 5-10% as Type 1 
diabetes (32, 33). 
Dietary data 
Dietary intake was assessed using a semi-quantitative food-frequency questionnaire 
(FFQ), adapted and validated for this population to capture intake over the past 12 months (34). 
Details about its validation have been described elsewhere (34). In brief, adjustments were made 
to include appropriate foods and portions sizes and validated against various plasma 
micronutrients in Hispanics > 60 y (34-36). Nutrient intakes were calculated using the Nutrition 
Data System for Research software (version 2007, Minneapolis, MN) (37). Pearson correlation 
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coefficients for intakes measured by the revised FFQ and the 24-hour dietary recall ranged 
between 0.72 and 0.80, with most values of 0.84 and higher. Overall, the correlations with the 
revised FFQ showed considerable improvement, compared to the original FFQ. Those with 
energy intakes < 600 or > 4800 kilocalories and/or > 10 questions blank on the FFQ were 
considered invalid (i.e. implausible intake) and excluded from dietary analyses (30).  
A reduced rank regression (RRR) dietary pattern was derived for each study subgroup in 
association with cardiometabolic risk factors. In brief, 36 food groups were converted to gram 
amounts and grouped based on similarity of nutrient content (26). Food group intakes were 
standardized using the nutrient density method, by dividing grams of food by total energy intake 
and multiplying by 1000, yielding units of servings per 1000 kcal. Separately for each study 
subgroup, RRR models were used to describe dietary patterns associated with a set of 5 
cardiometabolic risk factors (waist circumference, systolic blood pressure, triglycerides, HDL 
and LDL cholesterol). Level of adherence to detected patterns was defined using a simplified 
dietary pattern score, which included food groups with high factor loadings |> 0.20| in the 
original RRR (38, 39). Selected food group intakes were standardized to mean=0 and standard 
deviation=1, and then summed to obtain the dietary pattern score. Pearson correlation 
coefficients for associations between the simplified and original scores were high for both study 
subgroups (diabetes: r= 0.73, P < 0.0001; no diabetes: r = 0.66, P < 0.0001). For PR with 
diabetes, the dietary pattern was defined by low intakes of reduced fat dairy, nuts/seeds, starchy 
vegetables, soups, and hot cereal were and high intakes of pizza/Mexican food, vegetables, diet 
soft drinks/soda, sweetened beverages, meat, white bread, other grains/pasta, and processed 
meat. For PR without diabetes the dietary pattern was defined by high intakes of pizza/Mexican 
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food, meat, white bread, solid fats, sweet baked goods, processed meat, and rice and low intakes 
of nuts/seeds, hot cereal, poultry and water. 
Psychosocial factors  
Depression symptomatology (depression and anxiety) 
Depressive symptoms were assessed using the Center for Epidemiology Studies 
Depression (CES-D) Score (40-42). The CES-D is a 20-item score that has shown consistency 
and validity in older adults (40-42). Further, it has shown good reliability among Hispanics (42), 
including Puerto Ricans (43). We first performed analysis with a continuous depression score, 
with values ranging from 0-53 for those with diabetes, and 0-57 for those without diabetes. For 
secondary analyses, a dichotomous categorical variable was used to define depressive 
symptomatology as CES-D score ≥ 16(44).  
Stress 
Stress was measured using the Perceived Stress Scale (PSS), a 14-item scale that 
measures the degree to which one’s life is viewed as stressful (45), with higher values 
representing higher perceived stress. The scale has been satisfactorily tested in Spanish speaking 
groups (46, 47). We first performed analysis with a continuous stress score variable that ranged 
from 0-55 for those with diabetes, and 0-50 for those without diabetes. As a secondary analysis 
we used a dichotomous categorical variable defined as having a score greater than or equal the 
median for each subgroup. High stress was defined as a PSS score > 24 for those with diabetes 




Language-based acculturation was captured by a set of questions on language use in 
everyday activities (48, 49). The language-based questionnaire was adapted from the bi-
dimensional acculturation scale for Hispanics, which focuses on language preference in various 
settings (50). The scale yields two scores which rank participant’s acculturation in the 
Hispanic/non-Hispanic domain. We first modeled a continuous acculturation variable that ranged 
from 0-100, where a value of 100% represents a fully acculturated participant in the non-
Hispanic domain who speaks fluent English. For secondary analyses we defined high 
acculturation as > 50 and low acculturation as < 50. This categorization allows for comparability 
with previous studies.  
Covariates 
The BPRHS collected self-reported measures on age, sex, education, household income, 
smoking, alcohol consumption, physical activity, medication use (requesting medication bottles 
for visual confirmation), and medical diagnoses. Additionally, we calculated body mass index 
(BMI) from measured height and weight (kg/m2). All covariates were included in statistical 
models as potential confounders.  
A categorical education variable was defined as 1) no schooling or less than 8th grade, 2) 
9-12th grade or General Education Development certificate 3) some college or graduate school. 
Household income and size were used to derive a poverty variable from annual US Census 
Bureau data (51). Smoking and alcohol consumption were defined as dichotomous categorical 
variables (current vs. not currently smoking; and alcohol consumption within the past year vs. 
never or not within the past year). Current physical activity was captured using a modified 
Paffenbarger questionnaire from the Harvard Alumni Activity Survey (52, 53) which was 
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effectively tested in an elderly PR population (54). A physical activity score was calculated as 
the sum of hours spent on typical 24-hour activities (heavy, moderate, light, or sedentary activity, 
and sleeping) multiplied by weighing factors that parallel the rate of oxygen consumption 
associated with each activity. 
Participant medication use was captured both by self-report and use of an inventory of 
medications in the household. Global medication variables for diabetes, hypertension, and 
depression were defined as taking medication (yes/no) (currently or over the past year). A global 
list of diabetes medications included: metformin, meglit, sulfonylureas, glitazones, alpha 
glucosidase inhibitors, and insulin. The list of hypertension medications included: hypotensive, 
beta blockers, calcium channel blockers, angio-tensin converting enzyme inhibitors, angio II 
receptor blockers, and thiazides. Medications for depression included: selective serotonin 
reuptake inhibitors, monoamine oxidase inhibitors, tricyclic antidepressants, trazodone, and 
miscellaneous antidepressants. Diagnosis of chronic disease conditions was also ascertained by 
self-report in this cohort. Medical diagnoses for heart attack, heart disease, stroke, liver or 
gallbladder disease, and kidney disease were defined using a dichotomous yes/no variable. 
Statistical analyses 
Distributions of diet and psychosocial variables were assessed using tests for normality 
and normality plots. Baseline differences in population characteristics (i.e. sociodemographic 
and clinical variables) by study subgroups were examined using Pearson’s X2 test for categorical 
variables and Student’s t-test for continuous variables. Nonparametric tests (Kruskall-Wallis) 
were used to test differences in continuous psychosocial variables by study subgroup, given their 
skewed distribution, with variable distribution ranging from 0-100. Additionally, we used 
Student t-tests to examine relationships between sex for each of the psychosocial variables. 
 
75 
Further, the median distribution of psychosocial variables by age category (40-50y, 50-60y, 60-
75y) was examined using quantile regression, P < 0.05. The quantile regression was estimated 
10000 times, using basic models (not adjusting for other covariates). 
Multivariable linear regression analysis was used to test baseline associations of 
psychosocial variables (stress, depression, acculturation) with dietary pattern score by study 
subgroup, adjusted for a priori potential confounders. Our outcome variable was a continuous 
measure of the simplified dietary pattern score. We first fit a bivariate unadjusted linear 
regression model for each psychosocial predictor and the dietary pattern score (Model A). 
Models were then adjusted for age, sex, education, BMI, and physical activity score (Model B), 
further adjusted for smoking, poverty and alcohol intake (Model C), and further adjusted for 
depression medication and hypertension medication (Model D). For stress and depression 
models, we further adjusted for acculturation (in Model D), and for acculturation models, we 
further adjusted for depressive symptoms score (Model D). All analyses were performed using 
complete data on both the dietary pattern score and psychosocial variables.  
Secondary analysis 
Given the skewed nature of the psychosocial variables. we conducted multivariable 
regression analyses using dichotomous predictor psychosocial variables. Finally, we examined 
the distribution of the dietary pattern score across quintiles of the psychosocial variables using 
ANOVA. Statistical analyses were performed using the statistical software package SAS v. 9.3. 
Results  
Study subgroups included 262 participants with diabetes and 441 subjects without 
diabetes, with significant differences in population characteristics (Table 4.1). Those with 
 
76 
diabetes had higher prevalence of CVD risk factors, including higher BMI, hemoglobin A1c, 
waist circumference, systolic blood pressure, lower HDL, older age (all P < 0.05) and high 
triglycerides (P = 0.05). Further, they reported higher proportional use of hypertension 
medication, and prevalence of heart disease (all P < 0.05). However, there was lower prevalence 
of alcohol intake among those with diabetes (P < 0.05). Interestingly, PRs without diabetes had 
statistically higher mean LDL cholesterol (P < 0.05). There were no significant differences in 
psychosocial and sociocultural factors across study subgroups. 
Women with diabetes had higher depression score (21.5 (95% CI: 19.6, 23.5 vs 16.4 
(95% CI: 13.8, 19.0)) (P=0.004)), and lower acculturation score (20.5 (CI: 17.4, 23.7 vs 31.5 (CI: 
26.2, 36.8)) (P = 0.0003)) compared to men. Similar associations were observed for participants 
without diabetes (data not shown). In addition, women without diabetes had higher mean stress 
score (24.6 (95% CI:23.5, 25.6)) than men (21.7 (95% CI:20.1, 23.4)), (P = 0.004). These 
associations were corroborated using the dichotomous (high vs. low scores) psychosocial 
variable definitions, except for differences in “high acculturation” for those without diabetes 
(data not shown). Stress (P=0.03) and acculturation (P<0.01) measures decreased with age 
among both study subgroups (data not shown).  
Population characteristics by quintiles of psychosocial variables 
We observed significant differences in distribution of population characteristics across 
quintiles of psychosocial variables, for both study subgroups (Tables 4.2a/4.2b). Those in the 
highest quintile of acculturation had lower mean age, higher physical activity score, higher 
education level, lower prevalence of poverty (borderline for those with diabetes), and lower use 
of hypertension medication use. The highest quintile of depressive symptoms was associated 
with being female, lower physical activity score, and higher prevalence of poverty. The highest 
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quintile of stress was associated with lower physical activity scores and lower systolic blood 
pressure. The latter association was no longer significant when adjusted for hypertension 
medication and age (for those without diabetes). 
Among PR with diabetes, higher acculturation score was associated with being male, 
higher prevalence of smoking, lower use of diabetes medication and lower HDL cholesterol. 
Higher stress score was associated with higher prevalence of smoking (borderline significance), 
and lower use of multivitamins. Among PR without diabetes, the highest quintile of acculturation 
was associated with lower mean energy intake, being female (borderline significance) and lower 
waist circumference. The highest quintile of perceived stress was associated with lower mean 
age, being female, and higher prevalence of poverty. 
Associations between dietary pattern score and psychosocial factors 
No significant associations were found between continuous psychosocial factors and 
baseline dietary pattern score for either of the study subgroups (Table 4.3a). Secondary analysis, 
using dichotomous psychosocial variables, revealed that high acculturation was associated with 
lower dietary pattern score (healthier score) in those without diabetes, in partially adjusted 
models B through C, and in fully adjusted model D (β=-1.42 (SE = 0.51), P = 0.006) (Table 
4.3b). No further associations were found between dietary pattern score and stress or depressive 
symptoms for this subgroup, and no significant associations were found among those with 
diabetes in any of the models. In post-hoc analysis, participants without diabetes showed a 
significant difference in dietary pattern score across quintiles of acculturation (1st: β = -0.25 
(0.46) vs. 5th: β = -0.38 (0.42), P = 0.03), with a non-linear trend. This association was no longer 




Using CVD-risk related dietary patterns for adult PR with and without diabetes, we 
examined how psychosocial health factors were associated with dietary intake for this high-risk 
group of Hispanics. While we hypothesized that less healthy diet among PR with diabetes would 
be associated with poor psychosocial health, we found no significant associations. However, 
among PR without diabetes, higher acculturation score was associated with lower CVD-risk 
related dietary pattern score (i.e. healthier diet score). Further, we found a non-linear trend for 
dietary pattern score across quintiles of acculturation, where the highest quintile of acculturation 
had lower mean dietary pattern score than the lowest quintile. There were no significant 
associations with stress or depressive symptoms.  
Importantly, contrary to general associations for Hispanics (18) these findings suggest 
that, among PR, higher acculturation has a protective effect on psychosocial health. Our findings 
support results from studies with PR, notwithstanding differences in dietary measures (29, 48, 
49). One study reported that higher acculturation was associated with better quality of 
carbohydrate intake (e.g. fruits, non-starchy vegetables, cereal fiber), although no distinctions 
were made by diabetes status (29). The latter associations were moderated by poverty status, and 
only significant for those above the poverty threshold (29). Lin et al. showed that higher 
acculturation was positively associated with a fruit and cereal dietary pattern, and negatively 
associated with a rice pattern that was also associated with obesity (48). They also reported that 
higher acculturation was associated with lower central obesity (29). However, in these analyses, 
acculturation was also associated with lower quality of fat intake and fiber from legumes (29, 
49). In our analyses, a CVD-risk related dietary pattern defined by both poor-quality 
carbohydrate and fat intake was negatively associated with acculturation among those without 
diabetes (adjusted for poverty status). Our findings are in contrast to findings for Mexican-
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Americans, which have shown that nativity (US-born) and length of stay is associated with an 
overall worse dietary quality (55-57). Studies among PR seem to be consistent, independent of 
different definitions for acculturation. Overall, the acculturation process for Hispanic adults may 
result in both deleterious and protective dietary behaviors, which vary by Hispanic subgroup. 
However longitudinal studies are necessary to better understand this. 
Our study is the first to examine how a CVD-risk dietary pattern relates to acculturation 
as a sociocultural marker that may be associated with stress and depressive symptoms for PRs. 
Results from the HCHS/SOL (18) reported that lower acculturation was associated with lower 
depression and anxiety, although they did not distinguish across Hispanic subgroups. One study 
of PR showed that acculturation was not associated with depression or stress after adjusting for 
age, sex and poverty status although it did not distinguish results by diabetes status (29). Our 
results stress the importance of distinguishing across Hispanic subgroups and diabetes status to 
better understand the nature of disease risk for each subgroup. 
In summary, we did not find associations between poor psychosocial health (defined by 
stress or depressive symptoms) and CVD risk-related dietary patterns for those with or without 
diabetes. The lack of association may be explained by our exclusion of participants taking anti-
lipemic medications, which have higher proportions of diabetes and CVD risk than those 
included in our analyses. Thus, it may be harder to detect the well-established association 
between poor psychosocial health and CVD risk (58) using our CVD-risk dietary pattern. 
Additionally, we expected to detect higher prevalence of poor psychosocial health among PR 
with, vs. without diabetes, but there were no differences, which may explain the lack of 
association for those with diabetes. 
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Using the same data, Laugero et al. reported poorer diet quality associated with perceived 
stress among PR, adjusted for but not stratified by diabetes (20). Interestingly, there was an 
interaction for the sweets food group with diabetes, where perceived stress was associated with 
higher intake of sweets, but only in those with diabetes. They also found that associations 
between perceived stress and intake of fruit, vegetables and fiber were not linear. Among a 
national sample of Hispanics in the US, total energy intake was positively associated with 
chronic stressors and perceived stress (59). In that study, greater perceived stress was also 
associated with lower diet quality, as indicated by AHEI-2010 score. However, no distinctions 
were made by Hispanic subgroup or diabetes status, which limits our ability for comparison. 
Overall, epidemiological evidence with dietary patterns suggests that lower diet quality is 
associated with depression, however further research is needed to differentiate results among 
ethnic subgroups (60). Moreover, there are inconsistencies, with some studies reporting no 
association (61, 62). Vermeulen et al. used a similar approach to ours, deriving a RRR dietary 
pattern in association with nutrients known to reduce depression, independently for 5 different 
ethnicities (61). While they showed significant negative associations for the whole sample, and 
for South-Asian Surinamese and Moroccan subgroups, associations were lost when they 
excluded those reporting implausible energy intakes (61). Another study including PR found that 
deficiency in vitamin B6 doubled the likelihood of depression, but this was an older cohort (63). 
Finally, gender-specific analyses are also necessary, as some studies have shown that 
associations were only significant in women (64).  
Our ability to make causal inferences in the associations between psychosocial factors 
and dietary pattern is limited, given the cross-sectional nature of our study. However, it is known 
that CVD risk is positively associated with poor psychosocial health for Hispanics (18). We 
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aimed to assess whether these direct associations would be replicated, by estimating associations 
using a dietary pattern score that was derived in association with cardiometabolic risk factors. 
Further analysis using multinomial logistic regression is necessary to better examine how 
multiple levels of these variables associate with multiple levels of the dietary pattern score. We 
acknowledge limitations associated with dietary data from the use of FFQ, although our 
instrument was validated for this population (65). Finally, our analysis is generalizable primarily 
to PR adults living in Boston that are at an earlier stage of CVD risk, given exclusion of 
participants taking anti-lipemic medications.  
To our knowledge, this is the first study to examine how psychosocial and sociocultural 
factors associate to a data-derived CVD-risk dietary pattern among PR, by diabetes status. We 
further considered acculturation to the US culture as a dimension of psychosocial health, given 
that it has been associated with depression and anxiety among Hispanics (18). While non-linear 
associations were not tested, we assessed dichotomous psychosocial variables and examined how 
the dietary pattern score associated with quintiles of each psychosocial variable.  
Conclusions 
Understanding differences by diabetes status is of critical importance to generating 
hypotheses about behavioral pathways to disease that consider the role of mental health on 
modifiable risk behaviors. We did not see linear associations between continuous psychosocial 
health variables and our CVD-risk dietary pattern. However, we did detect associations using a 
dichotomous acculturation variable, and report a non-linear association between acculturation 
and diet. More research is needed to better exemplify non-linear associations by subgroups of 
high risk for stress, depression and low acculturation. A study using larger sample sizes to 
improve statistical power for detecting true non-linear associations is suggested. This research 
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addresses a gap in the literature to help explain the complex nature of how poor psychosocial 




Table 4.1. Population characteristics of Puerto Rican adults by diabetes status.a   
 
Diabetes   
(n=262)b 




 Mean or % SD Mean or % SD P 
Age (years) 57.9  7.4 54.3  6.8 <0.0001 
BMI (kg/m2) 32.7  6.3 30.2  6.2 <0.0001 
Hemoglobin A1C (%)c 7.6  1.2 5.8  1.1 <0.0001 
Physical activityc 31.3  1.1 32  1.2 0.06 
Energy intake (kcal) 2205  875 2274  907 0.32 
Sex (% female) 37  63  0.61 
Education (%)      
Less than 8th grade  40   60  0.16 
High school or GED 36  64    
University 33  67   
Below poverty level (%) 38  62  0.84 
Current smoker (%) 32  68  0.06 
Alcohol use (%)      
Within the past year  32  68  0.004 
Never or not within the past year 42  58   
Medical conditions (%)      
Heart attack  45  55  0.38 
Heart disease  52  48  0.02 
Stroke  56  44  0.25 
Liver or gallbladder disease  37  63  0.92 
Kidney disease  32  68  0.36 
MedicationS/vitamins (%)      
Diabetes medication 46  0  <0.0001 
Hypertension medication 57  43  <0.0001 
Multivitamin use 37  63  0.80 
CMR factors      
HDL (mg/dL)c 42.4  1.3 45.5  1.3 0.0007 
Triglycerides (mg/dL)c 136  1.6 127  1.6 0.05 
LDL (mg/dL) 110  33 116  31 0.02 
Waist (cm) 104  13 97.2  14 <0.0001 
SBP (mmHg)c 138  1.1 130  1.1 <0.0001 
Psychosocial characteristics      
Stress score 23.5  9.4 23.8  9.4 0.38 
High stress (%)f 37  63  0.88 
Depression score 20  13.2 20.4  13.3 0.54 
Clinical depression (%)e 37  63  0.95 
Acculturation score 23.8  22.6 27  22.9 0.08 
High Acculturation (%)d  34  66  0.30 
BMI, body mass index; CMR, cardiometabolic risk; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein 
cholesterol; Waist, waist circumference; SBP, systolic blood pressure. aMean (SD) for continuous variables using Student’s T-
test, p<0.05 and percent for categorical variables using Pearson chi-square test or Mantel-Haenszl, p<0.05. Differences for 
continuous psychosocial characteristics were calculated using the Kruskal-Wallis test, p<0.05. bSample sizes fluctuate for each 
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analysis around the reported value (~n) due to missing data for some characteristics. cLog-transformed variables. dHigh 







Table 4.2a. Population characteristics by quintiles of the psychosocial variables for Puerto Rican adults with diabetes.a-c 
 Perceived stress 
(n= 260) 
 Depressive symptoms  
(n=257) 
 Acculturation  
(n=261) 
 
 1st  5th  1st  5th  1st  5th  
 Mean or 
% 
SD Mean or 
% 
SD Mean or 
% 
SD Mean or 
% 
SD Mean or 
% 
SD Mean or 
% 
SD 
Age (years) 59.2  1.0 56.7  1.0 60.0  1.0 58  1.0 60.3  1.0 54.3** 1.0 
BMI (kg/m2) 32.1  0.9 33.2  0.9 32.5  0.9 34.5  0.9 32.9  0.9 33.2  0.9 
Hemoglobin A1C (%)c  8.2  1.0 7.5  1.0 7.9  1.0 7.7  1.0 7.6  1.0 7.4  1.0 
Physical activity c  33.1  1.0 30* 1.0 32.8  1.0 30 ** 1.0 30.6  1.0 32.5* 1.0 
Energy intake (kcal)c 2122  1.1 2018  1.1 1998  1.1 1901  1.1 1959  1.1 2080  1.1 
Sex (% female) 16  21  19  25*  25  15*  
Education (%)             
Less than 8th grade  43  47  43  60  76  18**  
High school or GED 41  43  38  35  20  55  
University 16  9  19  6  4  27  
Below poverty level (%) 17  23  19  25***  23  14**  
Current smoker (%) 18  27***  11  25  14  27*  
Alcohol use (%)             
Within the past year 42  38  43  33  39  53  
Never/not within past 












Medications/vitamins (%)             














Multivitamin use 25  13*  20  20  22  25  
CMR factors             
HDL (mg/dL)c 41.3  1.0 43.8  1.0 41.7  1.0 43.8  1.0 44.3  1.0 40* 1.0 
Triglycerides (mg/dL)c 137  1.1 144  1.1 138  1.1 146  1.1 137  1.1 143  1.1 
LDL (mg/dL) 106  4.6 108  4.6 111  4.6 114 4.6 110  4.5 104  4.6 
Waist (cm)c 103  1.0 105  1.0 103  1.0 105  1.0 103  1.0 105  1.0 






GED, graduate education development certificate; CMR, cardiometabolic risk; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; Waist, 
waist circumference; SBP, systolic blood pressure. aMean (SE) for continuous variables using Anova test and % for categorical variables using Pearson chi-square 




Table 4.2b. Population characteristics by quintiles of the psychosocial variables for Puerto Rican 
adults with diabetes.a-c 
 Perceived stress 
(n= 260) 
 Depressive symptoms  
(n=257) 
 Acculturation  
(n=261) 
 
 1st  5th  1st  5th  1st  5th  
 Mean 
or % 
SD Mean  
or % 
SD Mean  
or % 
SD Mean  
or % 
SD Mean 
 or % 
SD Mean  
or % 
SD 
Age (years) 56  0.7 53.3* 0.7 55  0.7 53.9  0.8 56.8  0.7 51.7** 0.7 
BMI (kg/m2) 29.9  0.7 30.9  0.7 30.1  0.7 30.3  0.7 31.3  0.7 29.5  0.6 
Hemoglobin A1C (%)c  5.8  1.0 5.8  1.0 5.8  1.0 5.8  1.0 5.9  1.0 5.7  1.0 
Physical activity c  32.1  1.0 30.9* 1.0 33.1  1.0 31.2 * 1.0 31.5  1.0 33.8* 1.0 
Energy intake (kcal)c 2165  1.0 2018  1.0 2039  1.0 2143  1.1 2059  1.0 2039* 1.0 
Sex (% female) 17  21*  18  21**  19  20***  
Education (%)             
Less than 8th grade  40  46  37  46  63  12**  
High school or GED 41  43  38  43  33  48  
University 20  11  24  11  4  39  
Below poverty level (%) 18  23*  16  22*  23  11**  
Current smoker (%) 18  20  19  23  18  26  
Alcohol use (%)             
Within the past year 55  46  57  49  44  58  
Never/not within past 
year  45  54  43  51  56  42  
Medications/vitamins (%)             
Diabetes medication             
Hypertension 
medication 21  21  24  19  24  16*  
Multivitamin use 23  15  20  16  16  24  
CMR factors             
HDL (mg/dL)c 46.1  1.0 43.8  1.0 46.1  1.0 44.7  1.0 46.5  1.0 43.8  1.0 
Triglycerides (mg/dL)c 128  1.1 133  1.1 133  1.1 133  1.1 123  1.1 125  1.1 
LDL (mg/dL) 120  3.4 113  3.5 120  3.3 117  3.5 120  3.5 112  3.2 
Waist (cm)c 96.5  1.0 97.5  1.0 96.5  1.0 95.6  1.0 98.5  1.0 95.6* 1.0 
SBP (mmHg)c 133  1.0 129* 1.0 133  1.0 129  1.0 132  1.0 129  1.0 
GED, graduate education development certificate; CMR, cardiometabolic risk; HDL, high density lipoprotein 
cholesterol; LDL, low density lipoprotein cholesterol; Waist, waist circumference; SBP, systolic blood pressure. 
aMean (SE) for continuous variables using Anova test and % for categorical variables using Pearson chi-square test. 
bSample sizes for each analysis fluctuate around the reported value (~n) due to missing data for some covariates. 
cLog-transformed. *p<0.05, **<0.0001, ***p = 0.05 or 0.06. 
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Table 4.3a. β coefficients (and SEs), for the association between a simplified dietary pattern 
score and continuous psychosocial health variables among Puerto Rican adults with and 
without diabetes.a-f 
   Diabetes     
  Perceived Stress  Depressive Symptoms  Acculturation  
(n=261) (n = 258) (n =262) 
  β SE P β SE P β  SE P 
Model A 0.05 0.03 0.08 0.02  0.02 0.28 0.02  0.01 0.13 
Model B 0.03  0.03 0.34 0.01  0.02 0.64 -0.005  0.01 0.74 
Model C 0.03 0.03 0.39 0.02  0.02 0.48 -0.007  0.01 0.63 
Model D 0.03 0.03 0.33 0.02  0.02 0.45 -0.006   0.01 0.69 
   No Diabetes     
  Perceived Stress  Depressive Symptoms Acculturation  
(n= 441) (n= 441) (n= 441) 
  β SE P β ±  SE P β SE P 
Model A 0.05  0.03 0.08 0.02  0.02 0.28 0.02  0.01 0.13 
Model B 0.03  0.03 0.34 0.01  0.02 0.64 -0.005  0.01 0.74 
Model C 0.03  0.03 0.39 0.02 0.02 0.48 -0.007  0.01 0.63 
Model D 0.04 0.02 0.11 0.02 0.02 0.29 -0.01  0.01 0.22 
BMI, body mass index. aValues were calculated with multivariable-adjusted general linear models. bSample size fluctuates  
around the reported value (~n) due to missing data for some factors. cModel A: crude associations. dModel B: 
Adjusting for age, sex, education, BMI, physical activity score. eModel C: Adjusting for age, sex, education, BMI, 
physical activity score, smoking, poverty, alcohol. fModel D: Adjusting for age, sex, education, BMI, physical 
activity score, smoking, poverty, alcohol, diabetes medication, hypertension medication, antidepressant 




Table 4.3b. β coefficients (and SEs), for the association between the simplified dietary pattern 
score and dichotomous psychosocial health variables among Puerto Rican adults with and 
without diabetes.a-f 
   Diabetes     
  High Stress  Clinical Depression  High Acculturation  
(n=261) (n = 262) (n =262) 
  β SE P β SE P β  SE P 
Model A 0.91  0.55 0.1 0.20 0.56 0.72 0.76  0.71 0.29 
Model B 0.48 0.54 0.38 -0.22 0.58 0.70 -0.14  0.71 0.85 
Model C 0.28  0.56 0.61 -0.20  0.59 0.74 -0.19  0.73 0.80 
Model D 0.31  0.59 0.60 -0.18 0.63 0.78 -0.16   0.74 0.83 
   No Diabetes     
  High Stress  Clinical Depression  High Acculturation  
(n= 441) (n = 441) (n =441) 
  β SE P β ±  SE P β SE P 
Model A 0.32 0.40 0.42 -0.06  0.40 0.88 -0.61  0.48 0.20 
Model B 0.24  0.38 0.52 0.08 0.39 0.84 -1.21  0.48 0.01 
Model C 0.16 0.39 0.68 0.08  0.40 0.85 -1.45 0.51 0.005 
Model D 0.30  0.39 0.47 0.21 0.42 0.61 -1.42  0.51 0.006 
BMI, body mass index. aValues were calculated with multivariable-adjusted general linear models. bSample size 
fluctuates around the reported value (~n) due to missing data for some factors. cModel A: crude associations. 
dModel B: Adjusting for age, sex, education, BMI, physical activity score. eModel C: Adjusting for age, sex, 
education, BMI, physical activity score, smoking, poverty, alcohol. fModel D: Adjusting for age, sex, education, 
BMI, physical activity score, smoking, poverty, alcohol, diabetes medication, hypertension medication, 
antidepressant medication. Models for Acculturation also adjusted for depression. Models for Depression and 
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A. Summary of Findings 
In this study we first examined what specific dietary choices were associated with 
cardiometabolic risk for Puerto Ricans using a reduced rank regression method, which best 
explains the maximum variation of cardiometabolic risk factors in models. Using this method, 
we derived 2 distinct CVD-related dietary patterns for PRs with and without diabetes. 
Subsequently, we determined if the baseline dietary patterns (for each study subgroup) predicted 
changes in the individual cardiometabolic risk factors at 2-years of follow up. Finally, we 
analyzed how three psychosocial health factors (i.e. stress, depression, acculturation) were 
associated with the derived CVD-related dietary patterns for each subgroup. This research helps 
identify what dietary choices differentially influence CVD risk for those with and without 
diabetes. Our contributions help enhance the available knowledge on dietary patterns that 
increase CVD risk for Hispanic subgroups to better inform strategies for the reduction of health 
disparities in CVD risk. 
To conduct this research, we used data from the Boston Puerto Rican Health Study 
(BPRHS) from baseline (2004-2009) and year 2, excluding participants taking antilipemic 
medication. The BPRHS is an epidemiological cohort study of 45-75-year-old PRs living in 
Boston, designed to examine the role of allostatic load (physiologic dysregulation) on markers of 
stress and other important associations with nutrition. A validated food frequency questionnaire 
specifically designed for this population provided baseline dietary data for this study. Year 2 data 
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included measures of 5 cardiometabolic risk factors used to derive the dietary patterns for this 
study. A summary of our findings is presented below. 
In Chapter 3 of this study we first derived dietary patterns for each study subgroup 
(Diabetes, n=262; No diabetes, n=441) using reduced rank regression with 36 food groups as 
predictors and 5 cardiometabolic risk factors as response variables (i.e. HDL & LDL cholesterol, 
triglycerides, systolic blood pressure, and waist circumference). Later a simplified score of these 
dietary patterns was created by selecting food groups that reflected a factor loading greater than 
the absolute value of 0.20. In this way, we identified population-specific foods that are 
associated with CVD risk for PRs separately for those with and without diabetes. While there 
were similar associations between food groups and the cardiometabolic risk factors for both 
study subgroups (i.e. higher intake of pizza/Mexican food, meat, white bread, processed meat; 
and a lower intake of nuts/seeds and hot cereal), we also identified unique associations within 
each subgroup. Among those with diabetes the dietary pattern score was also defined by higher 
intakes of vegetables, diet soft drinks/soda, sweetened beverages, and other grains/pasta; and 
lower intakes of reduced fat dairy, starchy vegetables, and soups. For participants without 
diabetes, the dietary pattern score was also defined by higher intakes of solid fats, sweet baked 
goods and rice; and lower intakes of poultry and water.  
Moreover, we found that, for both study subgroups, being in the highest tertile of the 
dietary pattern score was associated with younger age, male sex, higher total energy intake, 
higher total protein, total fat and %fat intake. It was noteworthy that, among those with diabetes, 
being in the highest tertile of the dietary pattern score was associated with higher waist 
circumference; and for those without diabetes being in the highest tertile was associated with 
lower HDL cholesterol. 
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We also quantified the association between the dietary pattern scores (as a continuous 
score) with change in each cardiometabolic risk factor using multivariable regression. This study 
showed that the baseline dietary pattern scores were not associated with 2-year changes in 
cardiometabolic risk factors for either of the study subgroups. In the absence of an intervention 
we did not expect to see large changes, given that RRR describes what is actually consumed 
relative to the selected cardiometabolic risk outcomes. Our findings may denote a certain 
stability of the dietary pattern over a short period of time. 
It is noteworthy that this study made a special contribution by selecting a population that 
is at an earlier stage of CVD risk by excluding those participants who are on anti-lipemic 
medication. Our overall findings help us understand how diet may be driving poor diabetes 
control for PRs and help identify specific food groups for CVD prevention in this Hispanic 
population.   
In Chapter 4 we examined how psychosocial factors are associated with the CVD related 
dietary patterns for PRs with and without diabetes. Using a cross-sectional approach, we 
quantified the associations between three separate indicators of psychosocial health (i.e. stress, 
depression, acculturation) and the baseline dietary pattern score using multivariable linear 
regression for each study subgroup. Population characteristics (i.e. physical activity, female sex, 
poverty, age, education, systolic blood pressure, and hypertension medication use) varied across 
quintiles of psychosocial variables for both study subgroups. These were adjusted for in our 
models using a sequential modeling approach. No associations were found between the dietary 
pattern scores and the continuous psychosocial factors for neither of the study subgroups. 
However, in secondary analysis using dichotomous predictors, we found that among PRs without 
diabetes, a high acculturation score (> 50) was associated with a lower dietary pattern score 
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(healthier score). When we examined the distribution of the dietary pattern score across quintiles 
of the acculturation score, we found a non-linear trend (unadjusted) (p = 0.03) for those without 
diabetes. However, after adjusting for age, sex and poverty this association was no longer 
significant. This study addresses a gap in the literature regarding the complex nature of how poor 
psychosocial health may impact dietary behaviors for Hispanic subgroups at high risk for CVD. 
Further research is needed to examine possible non-linear associations between psychosocial 
health and CVD-related dietary patterns. 
B. Limitations and Strengths 
The high proportion of medication use by this population makes it difficult to examine 
associations between dietary intake and cardiometabolic risk factors, independent of a 
participant’s response to medication. By excluding participants that use anti-lipemic medication, 
we improved our ability to discern associations between diet and cardiometabolic risk associated 
to hyperlipidemia. In this population hyperlipidemia was known to be the risk factor best 
controlled through medication use. Notwithstanding, the use of diabetes medication is also 
known to affect lipidemic outcomes through blood glucose regulation. Thus, we cannot say that 
the observed associations between diet and lipidemic factors (i.e. HDL and LDL cholesterol, 
triglycerides) are entirely free of confounding by medication use. On the other hand, it is 
possible that exclusion of PRs taking anti-lipemic medication may result in a population less 
sensitive to the impact of diet on cardiometabolic risk factors. However, a more likely scenario is 
that our study population is a healthier population at an earlier stage of CVD risk. A national 
population-based study showed that among adults not taking cholesterol-lowering medication, 
the mean total cholesterol and LDL-c concentrations were greater for adults without, than with, 
diabetes.157 Our study also showed higher LDL among those without diabetes, excluding 
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participants on anti-lipemic medication. Mercado et al. suggested 2 possible reasons for this: 1) 
that those with diabetes are more likely to be on higher intensity medications or may be more 
adherent to their medications than adults without diabetes, and 2) that those with diabetes, on 
average, may change their lifestyle (e.g. diet and physical activity) to help manage their 
condition as a result of national efforts such as the National Diabetes Education Program and 
therefore have better management of their total cholesterol and LDL-c.157 That study, however, 
did not report the effect of anti-diabetes medications on lipids, a key contributor to blood glucose 
regulation which also impacts lipid metabolism. As the RRR method does not allow for 
adjustment of confounders (e.g. medications) our exclusion of participants using antilipemic 
medication was the best approach to understand diet’s role in regulation of blood lipids.  
Additionally, in the absence of a diabetes duration variable, we were not able to 
differentiate how diet influenced cardiometabolic risk for those with longer or shorter duration.  
A recent study reported a J-shaped association between mortality risk and glycemic control 
among those with longer diabetes duration (>5 years).158 Thus glycemic control fluctuates 
through diabetes duration and may result in better/worse cardiometabolic risk profiles depending 
on stages of the disease or other comorbidities. Thus, it is important to differentiate diet’s role in 
cardiometabolic risk controlling for diabetes duration. Although we could not adjust for diabetes 
duration on the derived dietary pattern, we showed that, in this study population, older age was 
associated with healthier dietary pattern. Adjusting for age in all other models used in this 
research could potentially help reduce the limitation of not having a diabetes duration variable.  
One possible explanation for the lack of association observed between dietary pattern and 
change in cardio-metabolic risk over a 2-year period, may be the presence of the Hawthorne 
effect. It is possible that participants report improvements in dietary behavior, adherence to 
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medication or physical activity at Year 2 as a result of participating in this study (i.e. knowing 
that they are being observed). We are unable to address this limitation, but suggest that a 
comparative study be conducted to determine differences between subjects evaluated using self-
administered surveys vs. those interviewed by study personnel. Further, sample size reduction at 
year 2 may result in retention of participants more interested in improving health, resulting in 
selection bias. More research is needed with this cohort to better understand if these limitations 
could explain the lack of association observed. 
Other limitations of this research include our inability to determine causality in the 
association observed between acculturation and diet, given the cross-sectional nature of the 
study. However, it is known that markers of psychosocial health are bi-directionally associated 
with CVD risk factors in other non-Hispanic populations.74,75,77,80,81,86 
We believe this bi-directionality may be extrapolated to associations with a CVD-related 
dietary pattern, given that poor dietary intake may result in increased incidence of chronic 
disease which, in turn, has been associated with incidence of anxiety or depression. Another 
limitation is that we were not able to determine if CVD risk was associated with long term 
adherence to these dietary patterns or to a short-term exposure. Further, our findings are 
primarily generalizable to older adult PRs with low acculturation living in the US. Finally, as in 
all studies using FFQ, recall bias may differentially affect reporting between those at high vs. 
low risk of CVD.  
There are strengths to our study. Our approach to derive the dietary patterns was different 
from all other previous BPRHS dietary pattern studies. Our study enhances the literature by 
using RRR analysis, which identifies patterns that better explain variation in multiple CVD risk 
factors in comparison to principal components analysis (or cluster analysis) that later examine 
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associations with CVD risk. Additionally, we derived dietary patterns independently for PRs 
with and without diabetes, to elucidate important differences in dietary intake and CVD risk 
among subgroups. Most studies exclude participants with diabetes when deriving dietary 
patterns. With this research we identified two distinct dietary patterns that are associated with 
markers of cardiometabolic risk for PRs with and without diabetes. 
It is noteworthy that this study made a special contribution by selecting a population that 
allowed us to better detect how diet relates to lipidemic factors in two subpopulations that are 
highly medicated. Our results may help clarify the reason for observing lower LDL cholesterol 
among those with diabetes, compared to those without it. Mercado et al. identified this tendency 
in a larger national sample, but they were not able to conclude what behavioral factors contribute 
to it.157 Further, this exclusion may allow us to see associations at an earlier stage in the 
development of CVD to better inform prevention strategies. While our conservative sampling 
strategy reduced our sample size, it also increased the sensitivity to detect true associations 
between food groups and markers of cardiometabolic risk. Further, the available sample size was 
not a major limitation given the type of analysis.  
Another strength of this study is our assessment of how the dietary pattern was associated 
with change in cardiometabolic risk factors over 2 years. This is the first longitudinal assessment 
using a RRR dietary pattern for this population. In contrast to Mattei et al.’s study examining 
how a Mediterranean diet index score associates to change in cardiometabolic risk,152 we 
examined whether a baseline CVD-related dietary pattern impacted risk factors. Further, this is 
also the first study to examine how psychosocial and sociocultural factors associate to a CVD-
risk dietary pattern among PRs, independently by diabetes status. We also considered 
acculturation to the US culture as a dimension of psychosocial health given that, in other studies, 
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it has been predictive of depression and anxiety among Hispanics.4 Finally, the use of a validated 
FFQ for this population is a strength of all studies using BPRHS data. Contributions have been 
made with this research to enhance the available knowledge for this Hispanic subpopulation at 
high CVD risk. 
C. Significance and Public Health Impact  
This is the first study to identify two distinct dietary patterns associated with CVD risk 
for PRs by diabetes status. We showed that differences in risk between these two subgroups were 
partially predicted by food intake and that more specific recommendations may be made by 
looking at these groups separately. By using RRR methodology, we provide a more specific 
analysis that improves our ability to identify the key food choices that contribute to CVD risk, 
separately by diabetes status. It is known that participants with diabetes make dietary 
modifications compared to those without diabetes,44 however the proportion of participants who 
achieve glycemic control is still low among PRs.16,17 Our findings help us to understand how diet 
may be driving poor diabetes control among PRs, and to identify specific food groups for CVD 
prevention among those without diabetes. Further, our conservative strategy of excluding those 
taking anti-lipemic medication allowed us to better understand which foods contribute to CVD 
risk through lipidemic markers. This is of public health significance given that we are detecting 
associations at an earlier stage of disease (e.g. prior to atherosclerosis) to prevent development of 
irreversible (or more complicated) CVD conditions. While hyperlipidemia has been shown to be 
controlled in this population through medication,22 we highlight the need for its prevention 
through targeted changes in the diet to prevent the adverse effects of polypharmacy among the 
diabetes population.159  
 
107 
Our findings regarding the observed negative association between high acculturation and 
a CVD-related dietary pattern for those without diabetes contradict findings for the larger 
Hispanic population4 but support previous evidence for PRs.48 This demonstrates the importance 
of studying the sociocultural dimension of health separately by Hispanic subgroup. Given the 
nature of PRs association with the US as citizens, acculturation processes may exert different 
influences on their health behaviors compared to other Hispanic subgroups. However further 
studies are needed to corroborate this. 
Finally, this study is the first to examine the role of psychosocial health in association 
with diet among a subgroup of Hispanics at high risk for CVD, by diabetes status. Understanding 
differences by diabetes status is of critical importance to start generating hypothesis about 
behavioral pathways to disease that considers the role of mental health on modifiable risk 
behaviors. 
In summary, we identified culturally relevant foods associated with CVD risk by diabetes 
status for a Hispanic subgroup at high risk for CVD. This addresses a gap in research regarding 
diet behaviors that contribute to poor diabetes control for PRs, albeit being highly medicated. 
Our findings contribute to global disease prevention by identifying specific targets for dietary 
intervention that may reduce the cost of medicalization and help reduce health disparities in 
CVD. 
D. Future directions 
The strength of this study’s RRR methodology should be replicated using a larger 
national sample of Hispanics to determine differences by Hispanic subgroup. Using a larger 
cohort would allow us to make more substantial affirmations about key food choices that 
aggravate CVD risk among different subgroups of Hispanics. Further, a national sample such as 
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the HCHS/SOL would allow us to determine how results vary by diabetes duration or diabetes 
control, which was ascertained for this cohort. Using this national sample, we would be able to 
include younger age groups as well, which are known to differ substantially in behavioral risks to 
older age groups. Also, we would be better able to determine differences between healthier vs. 
unhealthier groups by including younger age groups. 
While we expected to observe an association between a CVD-related dietary pattern and 
poor psychosocial health (e.g. stress or depression) a lack of association may have been due to an 
inability of the psychosocial measures to detect true prevalence, given that older age groups may 
express poor psychosocial health differently than younger ones. It would be necessary to validate 
the psychosocial health instruments for this specific population and determine more specific 
ways of testing how psychosocial health is affected by dietary intake (or vice versa). Conversely, 
it is possible that our CVD-related dietary patterns did not reflect significantly elevated risk, 
given that our participants were healthier than those excluded. An alternative study to address 
this would be to conduct this analysis comparing healthier vs. unhealthier participants (i.e. not 
excluding those on ant-ilipemic medication). Moreover, future research is needed to better 
understand the bidirectional associations between psychosocial health and diet using longitudinal 
data. We propose triangulation of data with a qualitative study that uses a binational approach to 
compare how psychosocial health impacts dietary behaviors among PRs living in Boston and 
Puerto Rico. Qualitative research would provide more specific details that could help us better 
understand our quantitative findings, and/or provide insight about new issues that need to be 
further explored. 
A baseline dietary pattern associated with cardiometabolic risk, was not associated with 
changes in individual cardiometabolic risk factors over 2 years. A more robust study that 
 
109 
explores how dietary patterns associate with concomitant changes in all of the cardiometabolic 
risk factors over a longer term follow up is needed. Alternatively, using more proximal CVD risk 
indicators could potentially help in detecting associations between diet and CVD using the RRR 
methodology. Further, it is important to understand how differences in sex may modify 
associations given previous research has shown that psychosocial health is expressed differently 
between women and men.  
Our study did not see linear associations between psychosocial health variables and our 
CVD-risk dietary pattern. However, we did detect a potential non-linear association between diet 
and acculturation and diet and depression, among those without diabetes. Further analysis using 
multinomial logistic regression is suggested to better examine how multiple levels of these 
variables associate with multiple levels of the dietary pattern score. This would require a much 
larger sample size. An alternative study is to derive a RRR dietary pattern in association with 
psychosocial health factors, and later examine how these associate to CVD risk for PRs by 
diabetes status. This is an area of research that is growing and needs to be further developed for 
subpopulations that have both high prevalence rates of poor psychosocial health and CVD risk to 
prevent higher mortality risk. 
